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INTRMUTIO

This section is not to be included
in the volume, and is therefore
missing in this preliminary copy.

(Preston S. James, Chairman,
Committee on American Geography)
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PHYSIOLOICAL JMA•&LGY

As in most fields of scientific endeavor, pure scientific curiosity

concerning climate and weather has been spurred supported, and largely

directed by man' s practical needs. Physical methods served other to unravel

the interactions of factors responsible for weather and climate and to explain

the effect of atmospheric conditions upon the non-living materials so largely

used in technological processes. This conity of interest, profitable

thoug it was to its sponsors, tended to exclude participation by those not

highly trained in physics and mathematics. In the case of plant science,

however, so obvious was the influence of climate upon growth and production,

that an inter-disciplinary group quidcly became established, which could apply

the methods and understanding of physical me teorologr to the biological problems

of plant welfare. The surpria irg delay of a similar developmnent in relation

to the welfare of man and animals may be attributed rartly to a bias of animal

physiologists againat physics, traceable in turn to the close dependence of

physiology upon medial schools, and partly to the fact that the effects of

climate upon the animal kingdom are less obvious and direct so t6at there ms

less economic stimulus to their study.

Physiological Climatology may be simply defined as dealing with the more

direct effects of climate upon the phvysiological behavior of man and animals.

It deals, not with the origin of climate or atmospheric conditions, but with

their effects when present. It must ovexaup. as do all scientific fields

with other oograte studies, notably that of Medical Climatology, which deals

with the role of climate in the causation of disease. (See Section on

Medical Geography). For practical reasons, it extends the term climate to

includ those aspects of the physical environment which operate in conjunction
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with the Ltrictly climatic factors, suih as the thermal properties of the ter-

rain and surroundiDg•s Its operation, when fully developed, comprizes three

phases: first, an analytic phase involving the environmental factors on the

one hana and the physiological mechanisms on the other; second, a correlative

phase dealing with the interaction of the former with the latter; and third,

a synthetic phase concerning the consequences of these interactions for the

living being as a whole. /1/ Unlike Aphrodite, it did not spring fully-

formed from tne sea of indifference. There have been many stages in itedevel-

opment, many local growths which have later regressed. It is unlikely that

its present form is definitive, but the war years did see a critical change

in form which, for the first time, conferred upon it the semblance of a unified,

recognizable, scientific field. The workers of the United States and Canada

have contributed very largely to this developlent, especially in its later

phases, and it is these contrilmt~ons which wýll. be emphasized here; orut it

must be remembered that cortributiona have been international, and that trans-

Atlantic ar~ment h4s beeD a powerful factor in stinulating this scientific

development.

Eyai nation of Natural Associations

A first step in the consideration of any problem is the mminati(n of

actually occurring phenomena, not merely to gain acquaintance with the problem,

but with a view to seeking out sequences and coincidences in the events which

might indicate associations warranting more careful std~y. Such correlations

between wvrious aspects of climate and man' i welfare have been aomt from at

least the time of Hippocrates. /2/ It was natural that man should be

prmimrily concerned with the more 'dramatic wid more serious effects upon hLs

health, or what we would now call medical geogamphy. It was only as he ined

control over these more threatening condition% that his attention passed on
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to the possible association of climate with less immediately pressing disturb-

ances of comfort, productivity, and social behavior. 7*iile articulate opinions

were not wanting in other countries, it was the American, Huntington, who was

most widely hailed as the leader in this search for associations. 3/o

As one method of approach, a search for correlations in naturally

occurring events is well justified. But it is only one method; and it carries

with it certain inherent weaknesses and dangers. The occurrence of two events

in continguity may or may not be due to chance. The frequent occurrence of the

two in association lessens the probability of its being due to chance. If in

a large series the two are always found in association the element of chance

becomes improbable. But before that attitude can be justified, it must be

clear that all available evidence has in fact been considered, that there has

not been any unconscious selection of data which conform and rejection of

those which do not. It must be clear that the individual items are in fact

comparable, and not endowed merely with a superficial resemblonce. (In this

repsect it is not always easy to foresee in what respects the data should be

tested for comparability. It frequently happens that what were at first

thought to be all apples turn out to be basically cabbages and kings.) Dven

when the conditions are sufficiently well met for an association to be admitted,

it does not necessarily follow that the relationship between the two events is

..one of cause and effect; it may well be that both are due to a third and

unrecognized condition. But perhaps the most important weakness in utilizing

evidence of this character in anything but a suggestive fashion is the un-

predictability of man's future behavior from his past record. Man Is

participating in a social evolution of tremendous rapidity, of which only the

most g•neral trends are discernible. He is rapidly learning to escape, not
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only from the impositions of his p*ysical environment, but also from the

inadequacies of his past behavior.

"At the time that Huntington commenced his wor0 (1907), data of the kind

he needed were ,ot easily obtained, and those that were obtainable were often

of doubtful quality. Inductive logic, the process of building generalizations

from an accuLrulation of data, "ad received a tremendous fillip from the

brilliant bandling of Darwin; but there was little guidance for those who

possessed somethiLg less tLan Drain' s skill in its use. Those to whom

Huntington might have tiarned for g•idance in biological matters -

physiologists and medical mn - wdor'3 still preoccupied with other tasks or

insufficiently advanced in that l:id to be of much assistance. It is perhaps

undermandable, therefore, tho-4, non the less regrettable, that from a detached

study of associations there emnrged rather rapidly a full-blown gospel of

climatic ceterminism. Causal relationship vas assumed where even association

was doubtful. The great importance of cultijre independently of climate was

often forgotten. Categorical statements like the following were accepted as

gospel. "The geographical distribution of health and energy depends on climate

and weatner more than on any other single factor. The well-know acontrast

between the energetic people of the most progressive parts of the temperate

zone and the inert inhabitants of the tropics and even of intermediate regions,

such as Persia, is largely due to climate." ("Principles of Human Geography"

1920).

Huntington's deviation from admissible methodology had two unfortunate

consequences. So keen is man' s interest in his own welfare, and so readable

was Huntingtonian prose, that the writings bad an immediat popular appeal;

an appeal that is still evident. Administrators, sociologistst geographers,
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and even medical men read with avidity. For the most part these readers were

not in a position to know the limitations of either the evidence presented or

the method of analysis. Many found in the doctrine a welcome weapon against

the few mho had the temerity to challenge the superiority of the uropean

races. There was a strong bond of symathy between the preacher and the congre-

gation* The minority who protested the method ard the validity of the conclu-

sions had little to pit in its place. Perhape through a realization of this,

they of tiaes made the tactical error of forsaking their position of scientific

detachment to take up arms under the banner of "anti-determinism."I This was

the second unfortunate consequence, for those who could have led the way back

won antagonists rather than converts. Devotion clouded judgment, and adherence

to "--iais" took precedence over the search for facts. To clarify the issue

there was needed a fresh body of enquirers. free frou, the limitations of past

allegiances. AS so often happens, a neo approach was already in the making

at the time Aien the argument was fiercest. ajsiologists, who could have

been of little help in the earlier years of the century, had advanced to the

point at whic* they could apply quantitative methods to the study of man's

relationship to his physical environment and initiate new lines of enquiry, as

well as probe by controlled experiment the sug~esti one arising from analysis

of natural events.

Historical Developznent

Zarly Physiological Approach. It is only of quite recent years that

there has been sufficient understanding of the basic problem and sufficient

interchange of opinion between. the various investigstors for anything like a

systematic attack upon the problems of hnuvn adjustment to climatic stress

to be recognizable. It is, therefore, better to attempt a description of
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devLl~opuents by categries than in a strictly chronological order. Neverthe-

less, it should be noticed that, in point of time* America was in the fore-

front of pioneer studies, for it ins as early as 1758 that Benjamin Franklin

wrote to his friend Linin. of his observations on the cooling effects of evap'-

oration and his conviction that this played a praminent part in protecting

man aainst the ill effects of heat. /4] By contrast, the oft-quoted accounts

of the spectacular and well-iesigned experimnet s of Balgden and Fordyce /5/,

carried out at tmperatures up to Z50°F, and reported to the Royal Society in

1774, set out all the evidence a mciern student could require to uw~e this

deduction inescapable, 'out did not actually arrive at it. It was from

Georgia and South Carolina that Elis /61 and Lining /7/ wrote circumstantial

accounts of the effects of heat, with a praiseworthy collection of quantita-

tive observations in support.

While Heberden /8/ pointed out in 1826 the necessity for considering

humidity in conjunction with air tezperature in.mqking an assessment of

atmcspheric warmtn insofar as it concerned man, and Bernard /9/ sketched out

a preview of the role to be played by systematic pkysioloyr in 1876, it was

.. not until the twentieth century was well underway that a start was made. It

was in 1904 tko. Haldane 110/ made his classic observations in the Cornish

tin-mines ani in 1911 that Lefevre /11/ published "La Chaleur Animale." in

which the quantitative physical approach was for the first time thoroughly

expounded. In the meantime, an interst in the- energetics of the oxidative

processes which are fundamental to most living forms, which had developed out

of the studies of respiration of the previous century,, had narrowed (largely

through the work of L. 'DuBois /12/ at Cornell, Benedict -/131 at the Carnegie

Nutrition Iaboratory¥, and their colleaguae) to an Intense study of the •
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so-alled "basal" metabolism - the rate of energ produotion by thi restln

animal. To investigate the state of the "basal" metabolism under various

climatic corditions was an obvious line of enquiry, and in this connection

several workers in the American continents, amongst Mhom Ozorlo de AlfLeida

/14/ and E. D. Mason /15/ are best known, howed an aparent fall in the

"basal" metabolic rate under tropical conditions. Unfortunately, it now

appears doubtful Yhether measurements made under different climatic conditions

are in fact comparable; ard, in any case, the actual metabolic rate of natural

activity is much more relevant than the "basal" rate in problems of adjustment

to thermal stress. Here, as in so many instances, the problem is greatly

complicated by the cultural and nutritional habits of the people being

investigated. Unfortunately, the word metabolism seems to have acquired an

innate virtue in the siht of some ro are interested in human climatology but

insufficiently versed in physiology. Such are apt to speak of metabolism as

a good thing, somethinS of viich the more you have the bettert Nothing could

be less defensible as a general proposition. As with most pysiological

processes, there is a range hich is suitable to the particular individual,

rates above or below this not being desirable; and the limits of the range

vary greatly with different cases. If there is such a thing as climatic

"stimulus, and if it does have desirable effects, it is almost certainly not

merely through an Increase in metabolism.

Atteipts to Deterzzine Physiological Significance of Atmospheric

Conditions. ?robably the most dramatic contribution tW American workers to

the progress of climatic physiology in the first half of this century was the

publication of the "effective temperature" scheme /1/ by a group of investi-

Sators working for the American Societ4 of Heating and Ventilatin Engineers.
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That .hman comfort asad thermal stress depended not on atmospheric temperatLWe

alone, but upon the Qombination of with stch factors as huidity aM air move-

ment, had boee realized for a long time. In 1916 Leonard Hill /171 had des-

cribed an instrument, the Katathermomoter, which .vs designed to respond to

combinations of these thr"e factors in muich the same way as the body; but the

limitations of any simple instrument in imitating the reactions of the kaman

body were cloarly •c)parent, and tho., •VX workers adopted a different approach,

Using the huron body as the measuring instrument,, they mapped out combinations

of dry bulb temperature, wet bulb temperature, and air movement which resulted

in similar sensations of comfort or discomfort. Upon the basis of these results

they drew up a nomogram from which there can be read off the temperature of a

still, saturated atmosphere wich would have the same effect upon comfort at

"any given atmosphere for.which the three quantities are known, This they

called the effective temperature of the atmosihere.

This scheme gave, at least to those. concerned with indoor conditions, a

measure of assessing the combined effsct upon mmn of the three most important

variables affecting thermal balance and comfort. The scheme had certain

inherent limitations, which aro. sometimes less clearly recognised tv the users

than they were by the inventors. It also 4d certain errors at the extreme

ends of the scale. But it rminos- today the most practical method of dater-

mining the therml significance of indoor conditions. The major restrictions

of its use under outdoor conditions are the exclusion from consideration of all

but the simplest corrections for radation exchange, and the condition that

the person shall be either clad in a medium weliht suit or stripped to the

waist*

In the mentiso, Winslow and others V18 a & b/ at the pierce Laboratory
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of Hygiee, Mew Haven, ad. been investigistg further the Idea af instrumantal

assessment, but abandoned it as being impracticable. In the owuse of their

investigations, however, they wore led to study the partition of heat echaog

-between the bouon body and its enviromeent amongst the channels of radiatio:,

condction-convection, and emporation-convection. This in turn led them to

two concepts ohich are tmportant in theoretical co0siderations of heat exchange

and thermal streoss that of the "percent wetted are4a end that of "operative

temperatureO hill. the iin .ay sometimes be completely wet, it is nev

completely dry. At any one time, if the numerous small areas of water film

on the •in were added together they would constitute some important fraction

of the total mkin area. This gives a physical concept of shat is meant by

"percent wetted area" /19/, and enters into calculations of beat ecbazrgs

For any uituation in which the walls and air are at different teperatures,

there Is another situation with walls and air at the same temperature which

would remlt in the me swobange of heat with the raked katmn body* Tho

coamm temperatare X this second situation is, briefly, the "operative

temperature" /201 of the first.

The Pierce Laboratory work dealt primarily with the raked mn, but

practical considerations called for quantitative mthods of detlin, not only

with cloth4d an, but with the si•nificance of the clothing itself. In 1941

the conoepts used in the Pierce Laboratory wore first extended Into this field

with the definition of the "Clo" unit as the unit of insulation /21/, and its

application by Burton /22/ to the determination of clothing requirements for

men at different degrees of activity in different thermal envirummts. At

about this times a "tog' unit was proposed by British workers, but it did not

gain general acceptancos although it was dofined in more classically phsical
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terms. Tobthe fundmental expression Burton added a term for radiation

exchange and devised &:Parallel bet of ewessions for dealing with heat

exhante esvporattoibconvection and the effect- of lothing thereon.

The adoption of the ideas so developed for the systawtic treatment of

clothing problems came as the -esult of a conference hold in 1944 on "The

Principles of Environmental Stress on Soldiers" under the auspices of the

Climatology and 1hvironowntal Protection Section, Office of the 4rtervaster

General /23/. The principles set down then still dominate fundamental

considerations of heat exchange betwoen man and the environment,. though many

special considerations have been added since, and integation has frequently

to be rade with consideratios whi.-)i can be def Inds at -the best only in quasi-

quantitatia -terms.

As an offshoot of the Quartermaster conference, interest has continued

in an idea of an ihdex 'of clinatic stress and strain which would be more

fuhndamental -in its developnent and wider in its applicatiou than the effective

temperature index or other curent ,ugestionm for conjoint asses3zent of

therml factors in the environment. The diffloulty lieso not so much in cal.

culating the aplied -therma stress,, as in determining the physiological

sigaificance ct a given stress. and dooedivg the extent to which relative con-

tributio. sby the stress-Vtoduoig components as well as. the total stress affect

that significnce. Time will reveal the extent to which theseoquests will be

success•iu.

Systematic Study of Human Rmections to Climastic Stress. 'While the

generalists have been seekig the touchstone which will reveal the true sig-

nificance of any set of environmental conditions, systmatic hilyologists

have boen ping about their normal businass of dsscrbing in geater detail
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the specific responses of the human body to various envirommental situation,

and in workipS out the mechanisms responsible for such responses, 7he Harvard

Fatigue laboratory served as the focal point in the 19VO s, but the central

figure in later investigations in the western hemisphere has been H. C. Basett,

whose death on his way to the International Physiological Congress in 1950

brought to an end a period of one of the most stiallating careers we have

been fortunate to eperience° More than any other, by virtue of personal

example, constant visiting, and contimml stream of ideas he brouht AMerican,

Canadian, British and even Australian investigation during Wbrld'War II to some

semblance of united effort, and prompted an uad staendig of Iroblems amongst

all these workers which might never o~herwise have developed6 /23,4/.

The list of war-time contributors is long, but the two most outstandig

contributors in this hemisphere to the applied aspects are 1. F. Adolph,, who

applied laboratory concepts and methods'to studies in the natural environsnt,

especially of a hot-dry character /25/, and S. RobinsoN who directed both

laboratory and field studies of warm hnid environments /22/. Of similar

caliber, and sometimes integrated with the studies Just mentioned, were the

team investiptions carried out at the Armored Medical Research Iaboratory

/26/, mainly on heat problems, and those at the CP Climatic Research labor.-

tory /27/, especially on effects of cold conditions.

Since 1945 the pattern of activity has chaged somauaat, with a

proportionately greater emphasis upon 6rpinsed field trials, and the roe-

striation of most of the activity to service agncies or institutions linked to

service requiramts tl contract. Various centers in Alaira and Fort Mu'ht illU

in Canda have witnessed wr studiso tV serviee groups frem the USA and

Cansda, ihile Death Vallei, %Wliorn*a was, the scene of a hot wesather stbiy
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by a quartemaster g'oaqp ii the suer of 1950. In these studis, opportunity

has been takim not only to test ateriel, and to collect factual data, bat

also to develop now or improved field techniques ad to conduct basic research.

Pac~ti(*l Aiplications

AppLications to Clothirg and Housing. There is no doubt that in the

field of phyuiological climatology the damends of practical problems have

greatly increased the effort expended in research and accelerated the pace of

development. Ihle immediate practical demandsm may at times draw more rapidly

from the stockpile of knowledge than adiitions are being cade, the opportuu.

Sties for such additions are in the process being maintained at a high level

than would otherwise be the case, It is instructive, therefore, to look at

the extent of the applications of this knowledg to such eminently practical

requirem•nts as clothing-and housiap.

It is fairly certain that the clot•iog and housing adopted tV a people

who have had centuries in wohic to work out a pattern of adjustment to a

particular climate wil• be fairly close to the optimum protective requirements

that can be wrurg t their culture from available resources. To that extent

native practices represent adequate adsptation. But in so far as the Americas

are concerned, neither culture nor resources have rmaimed static. There is

here an increasing desire to bring ctual attainments as close as possible to

the ideaw, and as rajidly as possible, c~ltural and material limitations

notwithStndai. American eyes, furthermore, are being increasingly turned

to regi. beyond the seas, %hence new suggestions flow and to which the

lessons f admanced technology are in turn being directed.. Under these

circanstanos, it beomse aoe and are essential for Americams to understand
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Just %bat requirements are imposed upon clothing and houmsig by the climatic

conditions, Just what features an oultural. rather then oblialtory, within

just wbat wargins individial caprice way be safely indu]ged.

Both the realization of this necessity and opportunties for its satis-

faction are of quite recer# develolment. Wile the more straightforward

requirements and methods have been known from the turn of the century, it is the

developmnt of a systumatic appreciation of thermal physics by a wide range of

operators - physiologists, desiners, administrators, and geograhers in

addition to engineers, clinatologisto6 and architects - which has brought

sufficient unanimity of thought to make concerted development possible,

In relation to clothing, there is only one oompreensive book available,

/221/ and that was published only in 19490. But a study of this bodc will reveal

that it is now possible to make a very good estimate, for example of the amount

of insulation that clothing would have to provide in a given cold environ-

ment to maintain comfort in a nan carrying out a given degree of activity;

or, conversely, the mximum activity that would be permissible for a

can wearing given clothing in a given hot environment. It will reveal

further that the relative contributions of yarn, weave, thickness and

desigan to the insulation, or to the Impedance offered to evaporation, by

a given set of clothing can be determined.. Te basic principles are kown,

and are available in forms suitable for use by a vriety of interested people.

There are numerous details whdia could be improved, and much in the way of

basic data which needs to be ascertained before the principlas can be applied.

over a satisfactorily wide range of problems; but the principles are there,

the methods exist, and the nd is felt. There seems little reason to suppose

that workers will fail to muterialise in proportio: to the dezaA for their
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services&.

The names of many ho partici•ated in this developuunt have already been

given, but to these should be added that of Siple. who mas lasply responsible

for the coqprativsyl early interest taken in this apjroach by the 4artermaster

General' a Office of the U. So Arq as well as for early stimauation of the

scientific findings* It is to Siple, also, that the credit must g for show-

ing how basic clothing requirements for an area could be detemined from a

knowledge of the cliuatic condLtions prevailing and esti•nmtes of this character

plotted on regional meps or compiled in tables to constitute a clothing almnac.

The interest started by him bas been continued in the Environmental Protection

Branch the qusrtermaster Research and Development Division /28,29/ with

.oonsiderable attention to the integration of climatic conditions on the 0 .3

band and hwan requiremnts on the other, in the determination of clothing re-

quiremmts.

In the matter of houain& .there is still no comprehensive book available

corresponding to that cited for cloth.in. but the availability of priz••iples

and their application to regions of the tkited States has been demontrated

in somewat different form. In routhly alternate , t mbers, of the Bulletin of

the American Institute of Architects, cowmencing in Sqspembr 1%949 there bave

ajeazedregional tables under the titl, of Climate Control Proiqict 13D(

Bach. set. of tables first Ip4catus dlagraatica.W. the frequency of occurrence

of indi.vidal jluoe of sAh. variables as teuiprature.. solar radiation, cloud,
I • . .2'

presipitation. relative knmidity, •apo rossureo, wind force, etc., month by

month in a central location for the particular regione Other diagram indicate

the utent to which ssme about the central location ni~t be ezpected to diffsr

from I t.gm the. ipificnce of the fistribution of each o riable for each

at several kqW features at housizg is given in tabloid. form. Sponsored tWi the
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nas~ine "House Beauti•ul," and directed by a board of well.4nown porsons

(a. Lintox, H. Landeber& L. P. Herrington, W. A. Taylor, D. Ccan, and M.

LP Colean), it illustrates grapbically and forcibly what can be done by any

country which has available adequate meteorological data and the moan. for

processing it.

Activities conducted by the American Society of Heating and Ventilating

Engineers, by individual members of the Society, and by Herrington and oolfle-

gues at the Pierce Laboratory of Hygiene, combined with studies in other

countries have been largely responsible for the basic information upon which

to base the reconmendations for the adjustment of housing to clisate0  In the

U. S. A. the Bureau of Standards serves in somewhat the eamne way as the gopn.

erraent-sponsored Experimental Building Station in &Wend- Australia, and

South Africa, which are equipped for laboratory and model investiatios, and

participate in large~scale testing of ideas and practices threou gDveronzme

financed housing schemes, and farnish opportunities for the utilisation of

interdisciplinary research results in the framing of building codes for both

Uovernmntal and private use.

Applications -to Animal Indust. Mhile consideration of the role played

by climate in the gene•al field of mmml ecology rightly belongs in soo-

geogra#t, the biophysical approach which has advmnced owr understanding of

meals' Geactions to climtic stress Is now being aplied to problms of animal

production, and the course of this development may vay well be traced-hers.

Although it has been known for a long time that domestic anials of

hi•hy selected mid-latitude breeds often deteriorate when intioduced'into

sub-tropical and tropical climates, the onase has remained conjectural and

corrective measures a matter, of mafked dispite. The most trsor7 sa" YOs
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of the problem indicates that at least three major groups of factors call for

consideration in wach transfers of livestodc - climatic, zutritionol- and ib--

f ective. Veterinary medicine was not slow in recolpising the trenendous imPro%-

merit .brou~t about in baw medicine about the tUrn of t~he century by the study

of infective pathology., and. the potential signif icance of the method for treat-

ment arid prevention-of sto& ~dinsese. The significance of climatic factors for

the tranomisaion aid. developmmt -of many types of infective di sease fta siisil8e'-

ly transf wred, with the early developoint of a climatic pathology of domestic

animals. In the case of zmatritioval factors, however, attention seem. to have

been concentrated more e~,lu ively upon mid atitude conditions. and kno-

ledpg has rsmil nd. relatively poor on what may be involved. in introdwing; to

the mitritioaal circustances of the tropics animals Viidi have beow hi*LIY

selectaid bver a hujvdrvd years or mor, for the relatively stable and lush

pastresof mid4-atibtide: regions,. !Lbis pp In owr ims tandJing is gradually

being closed, however, as the techniquse af zaitritional. investiption. devel-

oped Ln aido-atituds countries, in which American worker have played no small

part, are applied to problems in various tropical sAnd mb-tropical regions.

qwastions of direct climatic efiepts have, however, been left largely

naxpared, oo adopting the position that such direct effects are relatively

un~rtent, others wocptizig the viow that thqr are of major aoe ncard.

InescaQ*bse. For the latter, wan It ts not difficult for them to secure

evi0ance which at first sig~t taort their peesimim, there ere two altervar-

tive actions. ft. f irst was to cease important mi&-ltituds animals, and. to

cocmcmtrato qpo broedizig up desirable. qualities in "native" stodC. in the

eaams my as, tht ma. done to obtain our present, mid-latitafe types. OWs second

was to trY to oomoentrate both the desirable pro~wtion qualities of the
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mid-latibd.e anizals sd the tolerance qualities of the native MAiimlS by

inspired cross-breeding.

To either of these pregrams, and both have certain merits, the bio-

pbysical approach can offer assistance and suggestions. That certain individual

animals have a superior tolerance to heat stress is fairly easily demonstratedL

That types or breeds vary in their mean or characteristic tolerance has been

established both in the laboratory and in the field. But just 1by one indivi-

dual type, or breed is mare tolerant than another han not been satisfactorily

worked out. There seemn no good reason *y this should not be done. It appears

reasonable to suggest that brooders would be able to direct their program,

select their broeding stock, and perhaps even discover superior genotypes if

they could reongoize In their individual aninal those characteristics,

anatomical or physiolog0ical, which determine degrees of climatic tolerance.

Guesses have been made, and most of those itme which would be suggested by a

study of the basic physical processes involved have been ramed. Little attempt

has been made, however, to determine systematicasly the relative importance of

such things as ariable blood-flow through the sekin extent of surface area,

insulairrp properties of coat, density and functional capacity of sweat glands,

respiratory cooling, dgree of activity, mecbmnical efficiency of activity, and

endocrine control of metabolisn.

The central Idea. however, has be"u accepted by sich influential organi-

sation as the Bureau of Dairy Industry (U. S. Department of Agriculture) and

the Food & Agriculture OrSnization of the United Nations /31/. The former has

a program of Investigation in hand, %blc will apy this line of enquiry to

dairy cattle. fhe latter baa sade it one of the iLjor item at two internes.

tional conferenoes on animal prodobtion, one at Ixknow in India-/3/, and OM
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at Turrialha in Costa Rica/ 33/. 2h ' the latter organization studies in

animal climatology in both the field and the laboratory have been encouraged in

different parts of the world, and jproviuion made for facilitating the exchang

of information between the workers themselves, and between the scientists and

animal rroducers.

The outstanding American pioneers in this field are S. Brody and A. 0.

Rhoad. From a study of the energetic efficiency of stock i.e. the energy

value of the neat, milk, or work produced by the aiumal in comparison to the

energy value of the food consumed, Brody naturally passed to considerations

of the influence of climatic factors thereon. His book "Bioenergetics and

Growth" /34/ is the only text available and will remain a rich reference for

a long time to come. His climatic laboratories at the University of Missouri

are the most complete of those devoted to anizal climatology. Rhoad has

empiasized field work, and is best known for his "Iberia Heat Tolerance Test"

/351, which provides an approximate method for determining the tolerance of

a mimber of animals under field conditi Ms. With developing interest other

centers have started work, notably the University of California Agricultural

Experiment Statidh at 1avis, where Kleiberl s basic work on metabolism has

been extended by his collesguet to questions of iartitional calorimetry under

different environmental conditions. Thromuh the interest of the Bureau of -

Dairy Industry, other institutions are being brouit into collaboration on

"both the physiological and the clinatic aspects; especially in the south-

eastern states.

Thie Regional Concet. and Pbysilogical Climatolog,

Geographic thoujit naturally tends to group ien mena by regions,

whether defined by the Pbeomers theaselves, or by their relationship with other

lhenommu already regionally dounroated. The tendency of plant life to exhibit
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regional distribution led KIppen, and later Thornthwaite, to develop classifi-

cations of climate which would correlate with such distribution; and it might

be thought tha-4 similar associations would have provided a stimulus to region-

al classification of climate in so far as it affects man and animals. That such

classifications for animal climatology have not developed beyond the simpler

pragmatic stage is probably due to the fact that the association of man and

animal with climate has been developed, not so nmch by the zoologist, as by

the physiologist, who is interested more in processes than in the distribution

of species, even when the species is man.

The physiologist feels that a rational, as opposed to an empirical,

classification of climatic significance for man could be sought only for those

effects which have a definable and quantitative relationship to measurable

climatic factors. In the present state of our knowledge, this would be per-

missible only in respect to the heat balance of the warm-blooded animal. For

other processes, such as behavior, infectious disease, productivity, cultural

development, he feels that the antecedents are so complex, measurements so

difficult, and distribution determined by so many specialized factors, that

quantitative classifications are out of the question.

Even within the limits of heat balance, the physiologist has pursued a

somewhat different approach from that adopted in plant. climatology. He sees

the thermal balance of the body affected by four simultaneously acting climatic

elements: air temperature, vapor pressure, air movement, and radiative state

of surroundings. These are separate physical entities, but they all operate

through their effects upon one bodily process - loss of heat to the enviromment.

They are thus interchangeable, and a situation can be characteried when they

are all simultaneously known, but only when they are all aimaltaneously kmnm.
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Most physiological thouht has ter~Led, therefore, to concentrate upon

establishing an index of ocaposite thezzal stress, or better still, an

index of resultant thernal strain. The difficulties that this approach

is presently facing have been zantioned above.

It is doubtful, however, if conservatism would cease even if an

acceptable index of thermal strain were established. It is probable that

there would continue to be a resistance on the part of physiologists, who

regard variation in response and, for that matter, variation in stress-

producing ciLatic elements, as continuous processes, capable of sub-

division only at the peril of the subdivider. Not that they would

prohibit subdivision, simply that they would regard any subdivision as a

purely arbitrary and pragmatic affair, suitable at best only for the purpose

for ihich the subdivision was wade. Even then, they would prefer to use

transition zones rather than linear or point boumdaries, and keep the

number of subdivisions small. Within these limitations subdivisiors have

been made, with the assistance or acquiescence of physiologists as, for

exazple, the clothing sones cor tructed t• the Office of quartelvaster

Ueneal /2910
Of more far-reaching importance, however, is the integration of know-

ledge concerning the reactions of am and animmls to cliatic stress with that

concerniog other ihteractions which bave an important bearing qpo the historg

presenit condition or potentialities of a region, espec*ally with reference to
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huuman occujance. The Itysiologiut may well feel that his competence aad even

interest stops with the transference of discussion from the pbysiological

reaction to social significance, and in this he my even be accompnied by

the physiological climatologist. It Is here that we encounter walt may be the

crucial epistemological problem of our age. It is comparatively simple to

break a problem up into component parts, for each of which a pro-existing

discipline of thought exists. And even where one does not exist, it Is not

long in our highly scientific and technical culture until a discipline is

developed to met a need. Deductive thought has almys been simpler than

inductive, and scientists are always more ready to probe more and more deeply

on a narrowing front than to range over a wide field in which tbought mast

be synoptic. But practical demands require that synoptic Judgmnt be made,

that the specific answers to specific studies be somehow integrated to give

unified anewrs to the original unit problem. Older scientists discourage the

younger from adopting interests in which energy nmy be dissipated, and are apt

to be suspicious of those who reason in a field in which conclusions are so

difficult of verification.

Mhe dangers are real, but integration must be affected. It is nich

more desirable that the integration be made IV those Yho are familiar with the

detailed analysis, than by the uninformed, the superficial, or the frresponsi-

ble, How is this to be doze? To take the case in point, bow are the facts

and ideas deri%:ng from geographical, physiological, anthropological, economic,

sociological, political and agricultuwal investigation to be put together in a

form which can be used tW administrators, politicians and stateemei who have to

we the judfmts and direct action which will be in accordance with the best

interests of the region and its people? To roly upon the emorgsne of
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extraordinarily gifted leaders is both unrealistic and escapist, though such

men would provide significant impetus when and where they chanced to occur.

There is required a mode of thought and machinery for its realisation. From

our schools through to the highest deliberations of the land, the methods,

checks and limitations of synoptic thought should be taught, encouraged, and

practiced. Teachers, tutors, project leaders, administrators, and executives

can set the stage, being successively producers, audience and critics until

sublimination of the actors to the performance becomes the accepted creed.

This can be done; but it requires faith, insight and patience. Only when it is

accomplished will it be possible for questions of occupance to be answered as

such and not with unrelated and conflicting recommendations from a bevy of

ruggedly independent scientific groups.

Siummry of Present Position

A mode of thought has been established in which approaches character-

istic of the climatologist, physicist, physiologist and geographer have been

integrated in a study of the adaptation of man and other warm-blooded animals

to climatic conditions. This centers around the heat balance of the animal,

the effect that thermal conditions in the environment tend to have upon that

balance, and the adaptations made by the animal body to offset those effects.

In at least general form it Is expressible in quantitative terms, and permits

tbe thermal stress to be calculated for given conditions of activity, cloth-

ing, temperature, humidity, air movement and radiation.

The nature of the strains resulting from the application of thermal

stresses are known,, and are referable to them in a general quantitative

sense; but a satisfactory method of adequately assessing the physiological

significance of thermal stress has yet to be determined.
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Important practical applications of this rather new field of saien-

tific endeavor have already been made to problem of clothing, housing,

and animal production, with the introduction of quantitative and predictive

methods where reliance had formerly to be placed upon the empirical or

traditional,

The geographic distribution of climatic elements determining thermal

stress is becoming bettor known, but few attempts have yet been made to map

the distribution of their combined significance or resultant physiological

s strain. Some attempts have been made to integrate the knowledge made

available through the approach of physiological climatology with that from

other approaches to the complex problems of regional occupance; but wider

appr iation of the implications of synoptic thought and deliberate culti-

vation of its practice are required.

As with any new" field, there is an acute need of recruits; but there

is an especial need of recruits with insight and faith as well as ability

and patience.

I"

'1, • -

..
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MM CAL GKXRAPHT

There sems to be a great need today for a precise definition of medical

geovra~y and for an evaluation of the techniques WAn potentialities of the

field. For too long medical geogrTy has been identified with an agregate of

loose impressions and hypothetical correlations between the occurrence of cer-

tain pathological phenomena a-Ad enviroruental circumstances. Yet we feel that

studied with sober discrinat.,on, such correlations can shed considerable

light on the occurrence of disoase.

"In the earliest eayz3 of medicine physici•as knew little more about the

causes of disease than the pl.ace where they occurred" (Zven today the geo-

gaphical or locational factor is. indeed, one ot the few facts known about

some diseases and is reflected in the name given to the disease - for example,

bunyamwere fevar. Wumba fever, Semliki Forest fever, Colorado tick fever.)

"f"Environmental factors had during the first centuries of medical knowledge,

an importance which they lost when Pastorian discoveries focused attention on

tWe study of pathogenic orpnisms. With further progress a renewed Interest

in environment developed, for it became clear that the orpnaiLm themselves

%*re closely related to the milieu." /iiy, Scientific 9onthly, 1951).

Definitions

In 1795 L. L. Firke of Lengerich, Gemany, &ve one of the first defini-

tions of medical geography. To this author medical gsogmay w"s the descrip-

tion country after country of its position, soil, air lightning foodstuffs,

mode of living custom arnd habits of the people, insofar as all these factors

have a bearing on health and disease and on local therapeutics.

In modern timeq pain in GOusny, Zeis. iho liked to think of himself

as the father of medical wora.y, declared in 193. "B.y gsecaricel medicine

or e oine is undestood the bfan* at medicine which gtt.epts to clrify
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and explain the remslts of medical researhd bw Poo 8hial and Crahimal

treatment. .B medicl seo is understood the braneh of geopar y whc

attempts to study and explain the effects of gsopraphioul space, earth, and

its vital forms, on nan, animal, and plant."

Proposed definition of medical

wfarasitolog, epiduaology, and medical entomolog take into considera-

tion some aspects of the relationship between disease and envircement. Medical

geography pofesses to make the studW of these relationships its principal ob-

jectives" (ibid).

Our approach to medical geograjhy can be ummrized as the study of the

distribution of manifested and potential diseases over the earth' s surface and

of factors ihich contritate to disease (pathogens), followed by the study of

the correlations that mey exist between these and the environmental factors
¶ !

(geogens).

Objectives and uthods of medical

"The first aim of the medical ograaher is to map the distribution of

diseases througout the world. It is not possible to study the influenco of

enviroment on diseases if we do not know who has vbat and where. Once the

peson, diseas, and place are known, we may be able to undbrstszd why someone

is afflicted and someone else Is not. Geop• hcal factors may mrp as par&-

mount in the creation of the pattean of dstritbutI6on. The aswmmnt of the

iqiortance of these factors Is the secondL Im of medical SoWVV#by. It is thee

a stud of oorrealation" (ibid.) To do this succesafully the wrious factors

which cambivis to Prodte the patholodical complex on the ow bank, the sopeh

Ical eni t on the others gold be assessed un4 If possble, scit io-

"tificeall measure. This Hippocrates ocld not do. It looks as tho&
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technog kad. vezo ansrly aowat up with the saditione of Ow predeoesomrs Snd

as t•ou& It might now be possible to got the reml, bt cam leda picture of

diseases vdilic our prewrsors lackd..

We sugest that the methods to being about thes remaits ftul be:

a) somple stdies of populations to build the picture ao the extent of
the expomure

b) amlysisa of the inLalumse of as& elemt of. dlifte (e far as it
is possible to isolate them) upo the vaIne PthoAms

c) Va~thtic reeioa1 studies to shw *owe 4a:w of dismses are
fostered by the •;Mae& action of l1matic factorso

Medically Bigaificent A~ctors

The swdy of geopms lies in the lOvince of p1e Sowsjbl. Therefore,

since we are coance d with the mrital regoio between geopoSy and. ecinso

we shell merely list the geogmixpiL factors, or geogeNs mu direct ow

attenti to a dismctosn at jtbops- gsation "I factors only

Insofar as tq oet o an ifb•moe 4m y •bogns.

Geograzhical factors, or S2?Mns R.. G L, 950/.

Climate
latitude
Rinfall "nd. omidiM,
To*nszture

Sdiawtim and volioo-i...

Rediation
ftatic IesWicilty
Ioiestion

"Reil"

) ot -

S•brt Us11"it
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Diet

Sanitation
Income

CcOMunications
raziAgkf c"tome ad suimrstitlaw
Drug addictions

3) ieaa

A~Iml - ife, an earth and in water:
Parasi tion, hxij and animal -

Prevalent disseases
-Domiftat Wbe amU~p5

Pathiologcal factors or ahga

Disease is the name, we applY to the signs Of s~ferimg of living tissues

(pathology). Ibr the pwpos. of medical geogray*y it is convenient to divide

huiran diseases Intwo groups:

a) dise9 ses occurring as the result of the aggression of other animal or
vaSgetab1@ oenim.s Wei grou comptiies to om2dicable disess.

b) diseases occurring withcot the aggfsuion of otlar antual or veseta.-
ble organism. This gioup can be sabdivided into two groups, namely,

1) diseases duea to tisse changes which are essentil&y reversible
by spptnou hysiological adjinstints. hea. shold fall
under the study at pbysiological. clCtooesee D ouglasa K.
Lee's9 chapter)

2) diseases due to cbaiges i kw &M-As~emtledar mwereersible.

Pathological factors, or lathogmnsN 'b ett~~ listed as: cau,-

sative agmaUts vectors, intermediate hosts, wAd zmno. Althouda the latter can

beooms esicin his cage far as intermediate boat or Winitiv ohost, he is a

mebrof the complex, med vocrsibcal factors Movera his wsueeptibility to

psoahms at cosmnlaicbLe diseases

The causative agent of a 41s1Masen be Iatzo4dUei *thi bLUM body

directly as are the agents of ep~d~c meningtis, dwcleraq tetanne Mtyoid
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fever, taobeai~osis m mayi other diseases., 2we con be Labolde, iftestede

or intro&woed tbro%* wmxds or abrasions. In other iutnstzi~~th cauftius

agent Isa, intzo~wed in the huan;be* thrw*u the offises of -a vector* In m oms

co,"s the Upar4 stages of agents require the shelter at main 0mdit hoat

to develope - nally, vertebrates other than -v RA serveas a hbW~tat to

an infective agent and help mpport Ito lifea cycles sipeading~at the msan tine

its mubers mnd dm*LsiW In raturis thus enancingo the possibilities at opidaimie

This-b~olpo"I ealmm allowsae a clasuification a OCf 41mm into two-

or inx1tiple-fac tor. complexess wbIob f ad Utate*s their astt f ram a geograpicaiol

point of view. Boch of these footores includi nga birnlfs Is, los4y -linked.

to the epOum1hical Oniumst h oo~mrreac of di15*65 at a, given spot is

* the resalt -of a ooibition of.' geogmi*bicml ciraustances, 441i bring together

indouts, .yectoms i4ez dato, bost%. reeerowirs, wdsan at the micet, ouspllcms

It is inposeibl,:*Witinthe lUaiW spsce.~At, vor diepoval, to make a,

complete inventory of the correlations kno in to date; hem re r a few wamuples,

to illustrate the line of reasoiag.

Cholmr, for instance, has -been observed sUr over the world in ma

epidualo form, 04t, enddc Soot. of. AcleM f rom wbi c q4i~os eqad cut

appear to be limited to Oettm*. regious in India. The oozreliow. betUv.

geopwAicml factors smi the permanms" Of eNdAml eboleft re. Ima .oying ,lags$

bodies of wateir rich In orpaic contowts sad salts, well shel~tered ftc. the

~ W raindataemon*

She posroAzicsl laotors * sows tabs Fveaint, diMepidto break

ctarhabs.).ut.A him4Ate. feUWV CC ft relahI .4101e and a

.~ap~t OC at1MSP omepll. 3ie w a *'i p. between, ohaWa 60breks man
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reltgious potamps is no *sU esta~bAI&s4' - i~zam~t of -thi'iin say' In

1101 9 Vabes 4ii~its the conzmtralican od &wis In b~ftes 'f water, *='qaywit

ly paA .:pr -i 'tr ~q't* sydai 16 an sad mo'i st ceaee heavy

r..izzf"1 seitaiiy afterw a -prolonged, drut, amyfirst inortso tbs amber

of ýaies bf :dbIera, -bms thelP :'Or,0. eceLYe a at"' at Infection iss a r-

*At of the. doinyums

Corrotiaon between the datictedr of -the 'soil: dad the oc -ae-a of

*hooicworu viagfirst emak~euised. by C. 1. StileS /3/. A4*aas iee the

sand~y areas mictnoiiiis a ws foun.. **,soon as I1416 *b ssý4- loal foci

of 'the - mc~n /,1japstiner, 1924/...-

-Augustine ~ib iisod11 /Augusatineland Silllie,' 1926, 5/ md an intensive

stwidy of thaa different soil types of Ala~m to def~mime their ofsiens

in pro&dcing hookworm larisse, ftskii &W~ Aoils'ii.3t - 04*d$4rykg A9n14~

never reaching a percentage higtez than 12. It us, therefore. dciaonsatftte

that 'the disesei was related mow.e cloisly to th*e Wez~ri f t soil then to

Ww 7thei iactoro
In further sti la~astine foun Vld iw6mohodkOwm1arwi could be Af-

1at.&Tfbw-ailu~ted son*s *ori Vioiwbý 27th to freh 3M, thus diowing that

the wintii frjets in 110a~ priwentMd h~" frds &Mdev plug td the Infec-

tive staV4-'1-7 periods &wring the Vring V*I* ago@ fouM to. che howorm

*~ovete~ikt~typs of soUll *at ftibOr the&eblu of -the egg

of Ao. duodmi is hostile to Ascaris lubricaides. Hence an Inverse propor..

ftlu` dhiestation tfboho tuorsi In , oses sal ftnaes,1 *is ias~r fvoi in

10A, 00fii -on"" 'In fte fields aman -eas sta=*dui the -hin. aIn tay,

however. WB i~w wat -in the frlis ma am. lp* lte " Ib '46vus two eart So
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produce; hueg~,wm~bn the' buiamto btookworm infesta~tion and un pt the

ascaridese Wutvia1 factors, vch so loes soil pollution andi the weariig' of'

shoes (as tn the caseobf A. duodmile) may chanm- the pictdre. On the othezi

hand Infecttion of the mall my be increased If an umbsorbtive subsoil makes

the draiMP-ssystem inad~equate.' /11.7 Go Reg 1950/.

Foust in his trfua~e an *Huma Hemntholoall rems&*c that moisture 1s a

remilt of r*lnall, Yich Is governed bywivsa &Mmodified tW topopmlft. i

the islandi of Vitileve, in the FIJIag a mun~tain ran. stops the rains from

reaching the northwestern side. Hbakom= infestations on the rain side in,-'

volvss 9O* of the zmtiwd pop~atlaon, *Ual an the dry side only Mý is affgct-

ed The mo~isture factor elma affecis the distribution of stroagyloidosis.

*frise..Uvirg larme of this Wmetste besh* iezy sensit I v, to droujt, uno ct

the helminthic infections require an intersdaite host W&a as: imiles, f~di,-aoi

rn~ss all of which are also closely dependeunt aim OsicW marAzxzAgSO As

o pposed'to the fre.-lving larv*a of the hockuiiia thse a'of the aswnidis are

tod&Wa~ and withstand more drui~At,, ould, and skao. Bb*6vin the eap tkat do

'not soviviw direct .2nl1&t "67rouat" favibly 'on laa'4 -d6j soil, whle mte
6*1worM laT"rva equires ~* ~a~

It seems quite clear tbikt ever @ln aw MA~ stlafied diseases there bas

beab g belia thati a dori1aticft e*Aitsie betwoob owrtin inw~ts sad diseasesi.

An ialtusio Is is de in thýe kble to thes corniation cit Igii by a essri of flies

which no doubt 'an be Interpee as the ffMe recosled sUtatma of- madical

antomolog. In IM8 do Souse Herms, 1948 6/ definitely stated'1bt yaws me

trazi~lgted fras a sift ib a healthy i~reft ty'*the motion ct flies* In I84

Jo" ahO. YOtt 1tew OriO&M wtist thit kW Vtat, msquitoes pMro&~d

ealr Va -a& yWý Mii Viii 4L ~ a *w deat A tt 3Sexwthv, a owntfeaw.

amy French physioian of tbe *at Inahie /Notts 186, 7/. In 3.M9 Brws e
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dis0.verSd the role of., t. f4 4. )a." am...•1...( po.. ag.to
(Nagma) and fizall in 189 o1~qa at. ho. Nd foumi forms

of the uslrielo-arastoin t, .. mquitoes ..rje , , .. 1807,. 9/.

At the tim a &,=bar of InvqstigtOor aWe tpd and oasts oaed. tho

role of mosqUtoes in the trsnmisuion not amly ct malaria bat also of other

diseases. Oe of the moat out sta fieold eawlwnl in, opidamiiolg w.s

acoomplsd tW the U. S. Yellow 7e~e.. Ootnision in1W ,0 on the Island of

Cuba undr tho lea sip of Walter Reed with tho help of Carrol, Iurer and

Agronsteo. IReed. 1900, 10/ At t om. time L. 0.. *wrd damiont~rated. tht

malaria in the. Oitti11 Mountains could be controlled by. upizg kerosens. Tlhus

In the last years of the nineteenth century the fwnistion of disease control

tbrough knowledge of toe contribution of geogreA.1cal factors to ~ah10400

complexes was dafinitely laid dai.-

Marston Bt". has made s r stt (Btes. 194. 11/ of the vau os

factors of the qnviroommts as tbay affect the adult mwosquitoes and haa. stress-

e• the i.porta•to 9f t.oir habitst time and distanct e of flihtg to resting,

laeloupvqtys and seewal dista' but~oq; -aelso, the -factors influocia the

somalJ behavior of the uricus species and tbqW. food babi too . he mechnims

ofbitinv,&.to a dsvelqyojpt, tho lami aveosst (*Loh. Is In turn

offeacted 1br tampszuwe, 4 ~t, ," of~ water, ufqQ~sis

.pss, d*sso.ve waters 2,, orgoic. n .t, and salts) ,all the" P, en

important role in. tL d eos bow in the. distribution. of

.too diseases.

Mles, t~olps, and ait t$.are 4ws iq~'oz'tq vectorspqf d4iase. lmsizi.,Mst •.. .,a do. .x. a ,

s wf•i, , a . ,,.. r,;" t.. n ep, ., fe.r, ,

swab Upw rmsec *n V wL.
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partitlarly their sesitivity to olimatio hmpls, hold the key to the occur-

rance of the diseses metioned.-

In xwV bases the pathologioal complex to dependent vo. the pmesod

of an intermdiato host. This oours: dhiefly In helminthic complexes. A

typical example can be found in the gth* of the siistosooiases. The iupor.-

tance of the mvironment has been daummtrated in fgypt, ifhe-e oWoes in

irrigation mthods caused a ch&s in te pathologLcal picture of schisto-

bomiasis. The lntae ato host required for the development of S. haewatobium

is Bulius truncatus, ihich Is not cDumoan found udr cowditions of bain:.

irri•stion. 1Wen perennial irrlation was adopted in Southern 1gpt, as it

bad been earlier In the Delta, & hasatob um sjrmed to Uppe rpt. In the

United States schistosome dervatitis has been studied t- Jardco and Van Buikar-

low, '. T. Cortt D. G. Mac•r] ane, Fe. IN eorgwon amo nm others. Snils* of

the family Planorbidae, Iymnaei~ae and bysiodale servo asa' eatemediate hosts

for the schistosomes respuoible for "swimsr! s "itch.4, G(gepasical factors

such as the nature of the l.a1k bottom$ ical • • compositic of the wter,

expos•we to wind. and so 4 a.r Infl• mtial in localising the swail and hee

the disease. /Jerano a Van Dialmlow, 12/.

• M-. m tops the list of pathogens. He Is, obvLoway, an olemat in the

cooleax and his reaotic- to the IM -61m au_ t - aev he Is halthy determnes his

reoction to it *en he is sidt. The aOw y oat the pa1 ogsn worl m In

comoection with the oavian ft to to field of 40iooibml ointoaoc.

low PAMhOeMI of iooma 0 Diseases

If we w tnrn tO the sti* of nan-reversible p&tbogmic ohbnges we an

pwsusa the mu. us o tne tCC 0pathnams hezere we resmte t tht .

vavious #pidological fuoaons. Bow do te vsrim liver functions belive
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imde Al~ff erept clifttological cd s tances? How do heati, tir~e

jltitude modify the creation and dstruiction of nd~ oells, the excretion cof

vrein mitrogui,,, the motaboliiin of vater, the bduAoir of the blood electrolytes?

A&Li we con give ban. only an idea of the Importance of the subject. Owe

these factors of "at MOMi be called "anthropologcal ph~ysiology$ are better

knom we may mzderstand the geoa~raical pattern of distribution at dagemera-

tive- diseases such as goiter, barerwinig of the arteries, arthritis, and. cancer.

The American Geogra~ical Society is mow sagage in studes of the geo-.

grajtical, atholoa'of cancer. It baa- ttablise v~.A*.eto with Joey.-modera and.

observers tbrougbout the world. in order tb get their cooperation in such

studies. Me National Cancer Institute in Bethesda, Maryland,, has set up a

unit of geopaaphical pathology, ~ihdc haa Ahe c~oopeation Of Patbolosi its,

epidemiologists, statisticians, -ntrIt~ionivjtwAz endocrinalogistp,. and it is

hoped to got siff icient %dt for the *"m o1bjectt~vei Am Diowul fpr the Ce0-

ordination of Intermtibzul Cozpesses cf. Med~xL:W. cenotCes 0G101):.as-.-.

organized at Oxford a, qxposium wbere these. queet4Ans have been discuissed. All

three institutions will meet at intervisM to try to coi-ov~nate- tbair efforts.

Considerable variations in the p~ft~eaen of C&oW ty. pitem#, tMPe...

histological defialtioi -and. age groups beve been not iced 1tr workensin dif-

ferent coumtries and under various living oesditions 1% .4s rqiorted .tbatk.

puluonary cowcer d~o" not exist in led~and and lors., that pancreatio, caower

is comm In fin'saz4 tbet watric canoe Is Act "aws oon In lqand an cn

the continent of Sorops# It is commo kmowles~ that canow at the omvix is

"slaom observet in mwo mho hae. never lad sal l~wra But gll these

observtimm are not, yet w- hentloatei by statistical evidimne..

In the Unitead Statek, Dora fowmA ftat mawuws COMM 0= all ap
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groups of the population but that the morbidity rate for all- fwmn of cenoer

wan for a~m specific prIML1 silw tes mr thsr widely. ge also fot& that

females, both *Iito and nego. were moe kly, thonmales to dowelop, fmn6er,

t~his being due to the greater wmsasopi.lity of fealoo to caecr of the genital

orPas wan brwst* Ne*oei In the United States are much less 1- el than

*iites to develop conce of 'the akin, beat are moe lIIkaly to biave osce of the

genital, -orgne. Dorb adds tht the incidence rate for all f mym of case is

newly 5C% hi~iw amog itee liviztg In the south then- among those living'Aih

the north. which is explained largely by the higher incidence of skin cancer

and of cancer of the buxocaA cavity,- especally lip cancer', aogPersons living

ini the mouth. /Dorn, 1950 1-3/- Althoug It Is tnre that even in the most

advanced countries statistical -date only grossly approxinazes the irevalee

of concer, and that in most places in the world mhere they would be needed to

suPwot a scientific .tudgeer* statisticaol 'taU ~ca distribution. and

dsmography are virtually mondvtsnt, -preampti-ie ividence of

the influence of geographical factors on the :occurrewe is present in suffi-

cient degree to justify further stvdies in this matter. Ble facts as &thed.

last year at the Oxford %ropo sium &ppsar to be:

le Primary cancer of the liver Is, relatively more commo in Africa,,

Ino0-ýan India, Mala^m, Indonesa., and the Philippine Islands then amftikre

else in the world.

2. Cancer of the cervix of the, uteruS s I arolatively iA600n in Jewish

3. Caner of the stomdh Is relatively inftel~aut, in Javanese, African

negroeis, and the 06100"a peoal pronc Nort Africa.

4-. 6Mnce of the base Of the toopeis IseTlattvslyisqe~int'in aertein.



5. - oer of the scalp La isfrequent In Ua~bitento ~CC 1reqdh Nerth

Africa; of the diz, of.. the tu*. in the ishsbitAts_ ot Jul$%. at 4he pcalp ani

skin of the Upg -in African cag'oea a"d Indooesdans.

6a. Relatively laris zawbers of cancers. ot Abe, Pncr~Aws.haei been re-

ported from the. Wuiee optla s~as.Ua~

7. In. Indncsa In.a- & endoeip I iaen usu.mbrof maliggnt

tumors of the cervical lyq~h nodes have been reported& /Oxford S*WoaiiW, 1950

14/0

Although it is too soon to state with fizality that certain factors,

exclusive of others, are inatnuiental In governing the occurrence of cancer

cases, there -ae ew~v and'ca tioau to show. which of these factors. may be of

a) Infestaticm* jaras1 tee. The carcinogenetic properties of certain

*helminths were reported long ape Rowetmar /Oxford Syuposivakn 1950,,,15/ re-

ports that In Indonesia san India scams of yaws seam. to be correlated witJ2

* skn caiocer in significant nmobers. itienever. S. haaoiua is coinn in

Zavptg Tunesle Morocco, cancer of the Wladde seemo to be prevalent.

01b) . Ooomon usage of irritant substances seems to. have an Influence on

certain forms of cancer. These substances .mm be oozuicted with certain

oceuations; (for e=mvzl e, scrotal cancer was ocemon amoog chia sweep)

*others are omse4 sk d. ý*h lpcal usages -and culture. There seems to be a

correlation between the occw'rence of oral cacrand the dbewiqg of betel mAt;

*woor').ng to Joqu* /04r4 ,yupo~iam, 1950/. this is found in Indo(~ins only

when the betel zat 4q pa9 ~t i inJ poovided JWy.burnt set shells&

Stenerd /OufouiIAjagsM "-V/ R statIn Certain jPrts cit the Uni ted
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S~tats rhyulclan bayse been improesae bv the develoisuat atf tnow in- the Y~rts

of the mouth wihere tobacco chewers keep their cud.. ?wtheraas'e twos I.a

correation betwveenheaiy persistent soid angsd cierw at, the lamp.

a) hktrition seems also to bove an important action an the ocoeweomo of

cancer, altbough how is not yet clear.' 2bee seas to be. In cwrtain. typeer o

starvation an Increase in estrogenic bamoznes, which asy Wn t"M result ID.

gyn~ewmja-tia and also in Pwecanercus or cancerous conditiosm. Bonne, van.

Ven sAna Satoiw 11941,, 16/ ja'o4wed priary cancer of -the liver in rats. sub-.

aitted. to a diet of po1idwd rAce thiamin, ood. liver, oil, carrots and butter

yellow in -alive or coconut oil., However, it inot be kept In. Mudi tbet no

definite proof that these factors bave any relsuno. am be establiood. in

humas an long as stud~ies are not VWd. ia various cou~ntries on. comparable IM-

ulationso There Is no doubt that in -oamtries atore. Jife epectapey at birtý

does not exceed. 35 to 40! ymars,: tie case age6 grq%*1IS preacticolly RioCeXIS.-

tant.

The condensed inventory at ovw kmayflege in the 4.14. of meadical gsoo-,

grajiiy oonfirmes that none of the disooverieikdeqcribel me usA. by scientists

who consdered, thaiselves medical .poVgherso -Duz'. Stc~intle of medicogeoo

~&Cam1 .intq tjofl is acoCjol2Ited from a. niber af a1I4ed scieces:

bapteiboaog, -biolog, entolqo;AW and. others. Varioas. ins4tvionqs in Ameri-

ca have pomeoted research in these fields. &a& have tberetV.,omzta11xted to a=

kaaxeocs of ANmdiem 6NoGM&Y Amon the most izxpotant are tb*,Rkefeller

lbund&at lom.I Uztted States Pu)ic KeaIU4 Werioe,ý the Udite, Statels .APT~

and.t~he Wnited atotes Navr those -active OrrAint4ow bM ~~s.~

impross~v. Woy d. miedial, bma~ a sio to the qu* 4o(WSdIo OWSoas
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.,fe field~s in. mulc American resemich has.-sads history are hackman% yellow

fever and w-laria.,

American Interest in bockarm diseases started after the Spanii..Amsri_

can uor when Ashfoyd examined -the faces of patients in Puerto Rico for the

larvae of A. Iuodewale and found them in great- zaxerse /Ashfoz*d 1904,0 17/.

Pollowift Aehfsrd'. p~aer, 0. We Stiles, of the United StatesiDspartmeat of

Agrioalure _described in M9( a new indigeous species oC autyostose --

(N. Ainericanus), whichihe clai med to be widespread in the United. States.

/C. We Stilses 1903, 3/.* In L905 a hookworm cosupaig on a limited scale ws

begon in the southerti states bly the Unaited States Public Health Services

?Iftmay the Rockefel1er Smiitary Comisoion for the Ed~cadotion, of Hookworm

Diseases fts orpinised on October 26,.1909, and ws ,endwd with a gift of .

$59 000,000D by Mr. John D. Rockef eller, Sr.:--:

-Ainri~jA interest in yellow fever, psrhaps the most dreadful scourge

in the Western Hemislher uas awakened early. The crowning event was the

sendin of the Welter Reed Comfmissi.on, to ~ n320to protect the lives

of American soadiers, ibo* wire dying .in Ireia nmbers of the dreaded disease.

Their discovery of the rul, of A- (thnlled 'Culsa fasciatus)

in the transmission of the di suswo-a1 the gruoxiwok for several control

camps'iams midic were to have dramatic repercussionsaon the. health' of zmoind.

Most famous &ong these were the Navai owaimin the New Orleans campjM4

and the hbn* NaMI Zone Maqpipn.

ft- 'Hvara based on the natural history at *the, moequito, fes entnusae4

to Qololal Gorps, who sucoeede in eooqIts eradication of yellow. fever. ftm

Havanso SMladw sbooesftl results wire obtained IA New Vmfms -in l9C*

The -Fff Canal Sons Coapip dinmtrted --%ft -.& kuwslege ct:itbe



Biogeography 0-25.

domestic characteristics of AL2 We whchya breed in bouses In the

smallest collection.0 of water loft in tubs, barrelso, kerosene tins, @a bottleq

or. in crab. holies, tree cavities, and roadside ditches - were essential to the

eradication-o the disease. On this knowledge was based the work of the

Yellow Fever Service of the Rockefeller Foundation's International Health Div-

ision and what Soper has described as the golden aps of achievement In tho-

eradication of yellow fever was medes possible.

By 1925 it was believed that the western hemisphiere bad. been freed of;

the yellow fever denger, but in 1926 a nem outbreak occurred in northea~stern

Bra, il, and the way uas open for now research which eventually briou~it about

the discovery of Jungle yellow fever, The Rockefeller Foun~ltion concluded.

in the end of 1949 its 2? years of cooperation with the Yellow Fever Control

Program of Brazil. "A 15 year investigation of the geographical distribution

of I iniuni ty to yellow fever among the primates of Brazil has established the

fact that Jungle yellow fever has prevailed practically everywheres in Brazil

during the past doede and a half"/ Rockefeller Fou~ation, 1949, 18/

Malaria Control

Since 1916 the IntercatiorAH~th Division of the Rockefeller Poumdao-

tion. has assisted various coun~rpesia anti-mwalaria schemes, work /.haM inq

hand with the respectivq governments, notably in Argentinag, Puerto Eicool

Nica~ragua and iBrasile In 1924 and 192.,s .similar helping. hand ns held out

to Italy, Poland, Palestine and the Pt4limpinese

*'Ths Azlti-gonbiqe Oaq~ig Jointly developed by, the. Rockefeller Founda-

tion and the Brazilian Government is a )Dod.*szplo of applied medical gao-

&MOWh and is 4 ".=minetal con tribation to the, scienoee The. ar~rival of

Agor*eles pambiaie In ftail in 19M us followed by serious outbreaks of
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malaria in 1930 aM 191; "The first oelnised ceami in 1931 aarmntly

r..sted in the eradication' of AgLe Mbias from Natal, Its port of entry,

bat not until after "it had foimd a footing in the inte•ior of Rio Orands do

Norte." /Soper a Wil.ori 1943/ After a quiescent period, terrific outbreaks

of malaria. with high mortality ratas, occurred in 1938. To meet this mer-

gency the a-Iariia hervi(c, of the northeast was orgenized, supported Jointly

by the Brazilian Uitn.st!7 of Hoalth end the Rockefeller FouTUation4 This

eipeditioc showed to ibat extent biologcal indfztion and cartoasp-ib and

geopakihical tecbhiiqueu could be combined to adbiiv s@ucce~ss.-

Anoph~eles aimbiae is one of the most dangerous zialaria vectors because

of its almost complete affinity for iurn blood. The breeding requirements of

ambiase had first to be ascertained,," 7bey were found to be' =ll shallow

ground pools, either clear or dbMý, freeos ibgntation, sxpobbd to sunlight,

in proximity' to humen dwS1iuI Wk1dt* Vie c~fi~t~eis di~rscistized b~y absence-

of front and ras O tj ' o l Oa " "oT.-/s a, ilon, 3lL9,

19/. One of 'the f.irst 'fc ities bf the no W '`a serice was to

establish a cartographic unit, the duty of which was to nmp the operative

regionsaend keep close track of tke 'progress Wd irdiieat "of the menuiy. Air

maps of certain sections were mades aM the'wieiI7gndui, developing

and printing of the photogra~is, and prejpxatio "Of UeiI msWere kuae

on the spot. The tedhnique of eradication was astablidisd* af tai a close stud

of the microclimate. •idch ,vern thi life of the vectbe. It id' dwonstrated

that u spe•ies aiA•catio was f'sible and at the same tim more effeo-

tive than sing" a•nti, a 0"1aoMt1 u ieaiui

Aieri*m" -eera~iv actiV'~ploed otWd ft"I at mediomi po-
ca-asacit.aei
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~~ In 1913 the United StAt.Basomew of Pchlicbseltb started an

inv8atipt~o into the mma Of el~affao J, Goldberg head. of the misuioN,

dusmonstrate.4 the correltion between the disease and dietetic and standard of

living factors which I*Yad the wa for the present day oanception of the

disease,

!urie n DntlOaris Altbouda a nmmber of reforemes, to the

relsationa&ip between. fluorine contents of water and dental carries can be

found in the lit ezatue of the last querter of the nineteenth century, Vote-

natic study and. exploration of this correlation dates from the wo*k of

G. V. Bladc ai P. S. McKay, /Black asod Mday, 1916, 20/. These studies 4ave

been contimnud diid1.y by officers of the Unaite& States Puablic Helth Services

* ~among mboim the nomes, of IL Trend]lq Dean, P. A. &xnold and P. Jay 31uoa ou~t

be cited. More recentl~y A. Van Bmialow /Van Bweicaow, L946, a1/ of the

American Genvuvaiical Socistr publi shed a series, of, m ~showing the distribup-

tion of fluorine in United States water sup*lies, /1wr ooalets bibliopa~by,

see Dean and litchin, 22/.

Tuaremia. Tularemia has also been chiefly stwmsid In, the UniWe States

G. We McCoy discovered in a groud squ4irrel,, (Citellus bescheyi), a disease

characterized. tr lesions resomblin thos. of plop i. Iatsr, in Tulare Comnty,

Califozuia G. W. McCoy and C. W. Mazda described the oasuetive orpznim armd

noaed the beterivu"uarnm.'/oo and Ckmpin, 23/. The first infection

in Wn wes recopised by m%.rry mAn Lsmb, in 1914. J~Wthr Saportant vrk~ on

* ~tkp, axwpoas reservoirs found In the 4wi~n fauzm aod the various voctors

.A&. a*. the .Aqe'f7. (a-4O the rabbit lnise, (ksem.odiprs

:>wt~ioq) and a zamer of t dcA patir both as reservoirs an vectors, has

been socomiglUed bW off icaes of the United SMateo Public KumIth Servicse
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'RickeýWal. dismes. alokettela dime.... an the p~i3 ogmphy of

so"" of Ihm'i~eýbeen a field for iqp*tazit Ai~riicuidStudies.- The United

Stats Pib1'"Naith'Service has eitablishia* a labomatory' it Montana vwher

imorin oiiý bai-been doxv; oh' ticks knmown to be mbwsrl -vectors- of Rocky

Mountain s~potted. fever. in th. United States, Rock Mountain spotted fever

has- tee~i id btd from 43Zýut of the '48 states: IMaint Vermont, Ometicaito

Rhode Isl6 `Zn1 aMl ch~ipn are"% th xe ePtions. The geogra~y of the various

cair`r1*ti6'tikss been established, ihsm ost important being De Andarsoni

the Rocky MountaXin wood tick; D. wtriabilis, A. americaiDA* and H. livrosis

palustris, the rabbit' tick. Their eoapicloccurrenc has b6@6 studied:

* ~ uhworkers as Cooley. Kohls, Briiin, Bli hopp, Trambl -ey. hzker and

Ste. inbads. /Kchls1 1943, 24/. Rickettsial pdz-has been described for the

f irst time in New York City by Huebhezi, St&AYA and- Axmstr~ng. It is- carried

a mte ji syiei thr -local$ of widch soens -to b4 zainly big ci ties,

sucti as 1e Ywf*~ fwtati4 Pbiladsl~tdaý - ndiizplis t'Ne m4n and others.

Problems and Methods

Reseazvh iprobles. of 1he medical1-goo

As we bave.. A-o & the. pzwvioi ies t ind~ividual stones wich bays

*beetCbi~bbd tojetier'to build up -th4 ekis~t~bg di:fice of medical gdorpmay-v

iave bee6 gthered from various branches of thr medical sciences. *lif of

ýthese component wciwes box its ow msthdoloa, whb igh ajt paztaps land,

itself tb the study of medical geogrs~y. However, It it'bat ou aim in this

article' to break 4~i6 the suJect into its'6wonipnt Rartsi-but &n the coli.

trary to asie & conitiuctivs synthesfiw.-3e..ak suhs thiNAM as a

mstl~d ~*psr to thes * ysteatii acoxiltion of knowle6&e in mediual -gda

How aid ons 2iiik in' medical - opWb dnd how does one cquIre inowleds?
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The first problem Is to fin a means hereby aocunsto data oan be

collected. Unfortuittoly, our.knoeledps o, distribution. Is now hi~e'l based

on reports me tV vrious I ditvidual ftsicians to pvw--tal, health

as&gncle% on rspWxts of hospitals, on yubliiehd papers dealixg w$* And1v$tUS1

cases, and on A sall number of f1eld marveys.

Results of these methods give at best an incoq~le.picture of -the disr-

ease oc.arrence and no picture at all of diseases wh1c may bave occurred in

the past but were not reported The vast majority of patological cases

are never scisntificaljy observed. Some are observed but not reooogipied ,

Some are recgased but not reoorded, while fewer still are both accuately

diesposed and efficimtly reported. . .

In wareness of this conditicta several attempts bave beo made tly the

United St~ates Public Health Service wrkers to investigte on a breader basis

some sections of the Unitied States poyulation. A. L. Caemen hax recomsmended

zultiple screening - whidl coisets of perwfýouig & battery of tests at the

sawe time on a given section of the popliatton - drawing attention to. the.

hygenic i"lus and low cost of the method. Thqse tests reveal incipient or

concealed. disemases. ...The program Is a e4lgeed ~oreduce the cost of pablic -

health expenditures, not with the ressah, of 'as ' correlation inz.

mind. . f. •

, arold P, Dora has con4w4t4a masW vw of cnoer in t.er citi.s of

the United Sttes in order to bold v a picture of cancer oocurrmnc; also,

under the auspices of the United States Public.Hmlth.Servi*e, a naticnal

health survey has been %indertakn to discover prevalent disaseq.. aoqg large

nxibers .9' fandless. A-descripti of tkistmarvqw & be"& md e ..... St.

3n Pa~rro. 1 sat.to
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Fbir -the* plibsee- of madical hbogfat&;hy the recording of actual diseases

-.'Is -important tudfonis i artuoztile caMribuitint itut LA addittan a method of

detecting the V106i~ left in the ,Individual, by do-oi-nical forim of diseases -

*-the footprints& of -diseases - sowuld be developed. Not until s~ inf~ormation

Is available can wo builid up an accuvate picture-cf the prevalence of diseases

In a given regiota end pIoeed, to the study of geographical correlations.

To this end, the American Oeograipzical Society has iece&" ragioal.

study wbere data on the pevaleno of certain diseases can be brought to lItit.

The Society's aethod is based on the pkinciple of hkWl* 'stUdies Of POPUaIWoMa

These samples mumst be carenfully chow= so an to be; represutmtive of the normal

types and of the deviation typoso Details of. the statitical. problem canot

be given here. Brieft-y. it ia estimated hitbth.-) study of &.3.000 unit sample

would gi ve inform~ttion on 1LOOCY, OOO- pboyle fo r -thse di seases undler consideamtion

-The mragin of error-would,' be .il i-f the pzsvml&ceo th disease is great.

In order tolub* tbe.~tedWqUs as emiqie as ýOesibis the person -mib.

mitted. to the studies waaid. be directed to fi1#6 diffeftnt deds: namsl~yg

1) a general information desk, 2) a- cl inical deidt, 3') a blood die*4 4) an-

X-ray deic 5) a stool center.- Thea infOflatiod i'el3ting to `s013 tmft~ tdf

the most'iumortant, dieasiti the euJect ba*. beet exposed. to would be re~isa~d,

the populated are over which such diseases extend would be mole visible# sad.

the futIer stuiWlM areutk~aio with -69e*I1hal..miwmn would acquirie

signiflnc*'-Me results -of these ahqdc_ýp~ could -them- be xmpmd for study

spinst, ksogrhdcalfats

Psiesentati~m of datga n zW..

1bi -M!" ppseof cc medical maIp is to locate the Patbologioal *gos-

meno and then to *@tblit* the gsopaj~iicl corre~leoms revultipg from this
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localztion. In these papa we ceanot 4isouss all the aspoct* of the problam.

this will be done extensiyely -In the rqport presented by the Comuission .

Medical Geograpby of the Intornational Geograjphical Union. before the Wasbiogton

Congress In .1952. But lot us illustrate our point by giving an example of a

census type of mp& the Sooiety' a mep of poliovaeliti/n y, W 1950 25/.

This map shows the occurrence of the phenamanc with the rates qyalifying

its intensity and the sae groups most like] to be attacked for every place in

-the world where d4ta could be assembled. Tare hab been no effort at corrola-

liom; it Is caens map. only. It indicates how difficult is the tasc of enter.

in& as would Juasts, all. factors capable of influencing the opidmiolog of a

disease* A certain anoauzt of mental effort is required on the piart of the

reader to study what possible geograpbical factors can affect or govern the

picture of occurrence subm itted.

On the cholezg uap, published in April 1951, an attempt is mode to show

well-establi]hed correlations. "5The epidemiolog of cholera raises several

problem%, which from the geograp••sr a poL.t of view can be smmarized thuo..

Under certain circstences, some 4 ,i•...o kno wn and others not, the die-

ease bresks out in epidemuc forme -2pde¢ic outbreaks have occurred in

different cliAates, thouh, some pate of the world have rumain'd completely,

uneffected, Under other cirumstances, some of ihich are understood and

others not, chole- ramine quiescent, showing, its psmo ce Dy continous

sall numbers of cases, which at certa.4 times end dur-...eqertain seasn be-

came epidemics of. uious, morbiditioe and mortalities. This tnpe of cholera is

confined to cortainGstricts of India. or• these resns we distinuish the

studW of epidaem or occasional cbolera frim tat of miami.or.penMUnrt,

cholera. Oocasiai l cholera is linked to factors of hxan geograby. It
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correlates with the donsi ty of popualation; perumanst cc trnsaient. Umn

large mwsbets of susceptibles are&t. wrid together, as an pilgricapss those

coming fram cholerap-infested areas bring the disease with them, spreading it

everywhee an the way. -7hay contumnliato their follow worshipors, who in

turn -spread the pestilence as they return to their homeiauds.

"RAs one has to eat or dxink the germ of the disease to become contemiar-

ated. the cultural and religious habits of h~xn groups, the social customs

and, amitises, influence to a great extent, its &real distribuition and warbidityi

Th. d~isease is also linked to factors of eoomnodo geograjby, spreading

through the inhabited world along the routes of oonmsroe, by caravans, ship

lines, or railroads, at a spoed that is some times, but not always, proportion-

ate to that of the carriero (Compare the slow advance by caramn of the first

three Pandamic's with the ruaid advance by steamship mnd rail of the fourth).

'Th. disease is also linked to factors of jizyscal peopvW*y Zpideics

break cut 1A hiot, humid weather and frequently die out in winter. In some

plaices an epidemic aund@ with the onset df the'rmizb season; in others the'-rains

*help spread the pollution of water- bodies* oni the, east coast of Africa up to

the ead of the* last century. cholera. when it ooftrftd, coincided widtf the

arrival ok the northeast mmon~. which, :bouSM' dbows *from India.

"Penanent cholera seem to be foimi *.l11below the 500-aster lir in

In"i, ifiere the pap3Iaton is dense and te~mprture end humidityr an. alftys

hiji. In these places the- germ remains quiescent either in man or in zatwzs

&wing* certain siasonk If It can find sheltered bodies of water rich in

orgnic contnt wa" In islts.: We have tried to show these 4arious features

on several ftv.' /ibro 1961,*98/i
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Proga eyd lqrasat

Having thus bri•e•y rovZeed the field of medical o&zjy,. let us

out.lne the program for future research a we conceive it. Of Wammt impor-

tance is the problem of Information. This shouli pertain to the health as well

as to the diseases of man. A god knorwledge of the physiological anthropology

(that is of the nomul physiological character) of the popaation iundr study

should. be acqored, It is indxispensible to the sound uzierstanding of the..

occurrence of patholoy., We have to knowhat the normal man is before we.,can

decide when he is sick. This detailed inforration, which is the basis of.

medical gography, will bq vyeryjard to Sgt, but we have suggested in the pre-

ceding pages how this gidit be achiemed. The study of correlations may well

begin thereafter.

Some geographical factors 4o not lqnd thmselves to naeasument, only to

description. A comprehensiv4 pie tore f :the googrnNaipc uvironumnt can be

mad against which the occurrence cf disease can be studied. The first step

would be analytical, breek'in dor the most prevalent pathological phenomena

into their pathogenic complexes and relating each to the gogralitcal data.

The second step would be to build up a composite picture resultin it is

hoped, in a more profound understending of the "hys" behind the occurrmce of

diseases*

Some of these correlations might be studied in the laboratory by

entoological and bacteriological techniques. The behavior of certain

pathological complexes or physiological functions in the laboratory under

artificial climates is a zsthodL with a recent post, and, we hope, a very

great future*

At the end of this expose it my not be too pr~mmptuos to outline a
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working hypothesis and to ride a i*4oticon It is entirely possible that

once a global plcture of th proportionate prevalume - certain pathologcal

phenomena is outlined, we dall discover that the .m ne' thological phomensa

always -occuw. in the a.e places. It is also posible that we shall then see

that -the occurrence at certain diseases precludes the occurrence of others.

For instance, this wuuld be the case in a coumtry ohere cow pox would be pro-

valent; no mall poi ould ever occur. In the me line of thouit it wey

well ape that the food produced by certain soils, the diets based on theme

foods, the cultural characteristics which havo contribatedo to the diets, allow

or forbid the prevalence of certain ncecommanu bl6 dmnewmtive diseases, much

as gpiter, hardening of the arteries mad ecoter. This idea that lathologLoal

phenonmena, occur in a pattern that we might venture to call a "social pattern" -

as zen, plants, an ani'ls live in societies -'way -be. a hypothesis on which

the studios of medical -ogra•••y nayewolF.rest. -
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Introdnotion

The study of the pog•ibic.l, distribution of plants Is geerally

referred to as plant geography although the term pbytopograf*a or geo-

botany are also sometimes usedV hree sets of processes working simultan-

eously, control this distribution, namsly: (1) those residing within the

orani=m which may be termed genetical; (2) those residing in the environ-

ment, called ecological, and (3) those which work throug long periods of

time and account at least in part for evolutioazry trends. It cannot be

over-emphasized that these processes maust be considered together as a single

complex and that it would be incorrect to explain the geographical distribu-

tion of biota on the basis of only a part of this complex.

7he grouping of individual plants into plant conummAties is also a

fdamental o6bject of investigation in plant geography and is now being

developed as pkytosociology or the study of vegetation. This is a parti-

cularly promising field of study because of its muuerous practial appLica-

tions. Finally, there is another aspect, especially dear to geographers:

the cartographic representation of biogsogrsapical data, especially of vege-

tation.

So far, the role of plant geography in American geogralby has been

extremely modest. Leading geog8pajis in this country have repeatedly

dendsd that more emphasis be placed, on phytogeo•papb but the results bave

been negigible. In biogeographicl research, Iurope is also ahead of the

United States with regrd to jowmals and research institutes. The be•Ln-

nin of Ame1c!z/goq1a~hy my not 4ppear to have been very promising

cooqzed. with 3Avopesn, achievements. However, throuiot the 2O@L century
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there have been American scientists sho have rado sigificant contributions to

phtogeograpical research and for sas doa~es these contributions have been

equal to the Buropean oms in caliber and sieificance. *,

Floristic Plant Geography

Por zmz botanists the geogrsapical distribution of species and other

taconoic units is synonymos with plant geography. and in botanical'cirles

everywhere o ebsis has been placed on this aspect of pbytogeograpbgy, where-

as the attention of geographers to this branch of pytogeograpy has bee

negligible* Geographers have always felt that floristic plant geography is

less intimately related to their work than the study of vegetation. But it

is quite clear that an exhaustive study of vegetation is impossible without

considering the results of floristic geobotaly.

In dealing with the area occupied by e species one become Inevit-

ably. involved in a series of problem which all stem from the several aspects

of p.ytopogaltW. The historical development of the area ttuouvi geological

apes is as important to consider as the historical developlment of the species

itself; obviously, the present environment exerts a stro ng'iniisnce' also, and

we therefore cor to as in the present distribution of a species the into-

pration of a large number of factors working smwltmneously through*I4'n

periods of time, producing changes which forever oontimie.

Descriptive work is relatively free from controversy in contrast to

the dynac features of goobotany ihich link the distributional aspects of

plants to both the evolution of the ocoapled area and to the evolution of the

species. Just As Alfred Wegsner created an qpna In 600476 oybysi cm,

po mt• and biolog• by thorising on continental drift'end thert stiol-t-

Ing a vast er of fruifUl researches, so Me Le uroakld on amre modest
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11084 Pxwo~d, an ulkwaval with the introduaction of big theory on oonswm tive

WeiUS aggessive species$ and as a sort of corrollary, his nunatuic thsory,

The latter, without doubt, is better known among America.n geographers.,

Fernald boldly proclaimed, that the North Amnerican extent of the Pleistocene,

gl1aciation had beew overestimated and that mwy areas protruded through the

ice sheet serving as refWes for a bost of plants, Such islands in a glacial

ice sheet ane called nunataics, an oddim term., Mu~ch evidenc was produced

in support of this theory or to disprove its and the evidence wai indeed sound

and yet contradictory. Plants seemed to have survived in areas which were

certainly glaciated, althou&i it was not always clear which particular

advance of the ice sheet was involved. In spite of the brilliant demostra-

times of F'ro Uarie-Victorin (1938) which seemed to disprove much of the theory,

Fernald staunchly ubeld it unto his death. There con be no doubt that the

peculiar distribution of some species in eastern North America is little

related to the glacial processes, if at all, and many of Ma'rie*-Victoria' s

obser~ations are irrefutable. On the other he*, Ferrald' a ideas did lead to

the re-examizmtion of many broader generalizations and it is now clear that

nuziataks must have been more common then was realized earlier. Present

muzataks in GreenlanA bear considerable plant life and it my be assumsd. that

this was also true in Pleistocene times. 1Even in the unlikely event that the

nunatak theory should eventually be discarded entirely, it has resulted In

much valuable research which would have ruineInd undone without lernealds a

0 ]provocative speculations.

An altogether different apprach to historical problems was used by

No& Hoop (1%47) whose investiptione In northwestern Can&da tested Hulton, s

(1937) theories of equiformal progessive areas of present plant species. His
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positive and very'etimalating results' might well have been much deeper and more

far-reaching had 'Dre detailed data on the geographical distribution-of species

been at hie disposal. Him work clearly points up the need fbr accurate dis-

tribution maps if this research is to be continued and refined.

In the meantime the geographical distribution of species become EM

object of study for geneticists, The outstanding works of Clauseui Keck, and

Hiesey (1940), and Camp (1941, 1947). are blazing a new tr&U to phytogeography.

The genetic methods permit one to stuy the evolution and relationships of

species and thus follow the development of their present areas by linking the

evolving areas with the evolving species. In this sanner it becomes possible

to trace an evolving species through both time and spece and to find an ex-

planation for distributional patterns uhich would otherwise remain baffling.

Perhaps it was Stanley Cain among all geobotanists %ho rendered geo-

graphers the greatest service, for amo hii' many works is'one of the greatest

sipdficance for geographical circl6e, A&Mdl', his Foundations of Plant Geo-

S(Cain, 1944). Charact4ristically the title contains "plant geography"

althou&h the book is limited. ialost entirely to floristic plant geography,

whereas the ecological and sociological branches are barely touched. But it

is precisely the floristic aspects of plant geography that geographers know

least about and Cain supplied them witki a detailed and comprehensive an-

nary of the latest developments. He presents the basic features which affect

the distribution of species through time and space; hence his strong section

on peleoecolog; hence also his excellent chapters on areographyohich deaZ

with the areas that species occupy and as"this is'an especsally important

aspect of plant geography *iich had not been adequat*e ]p santd. in America,

geographer welcome this part of C.nsbook above all. cai c~loses his bock
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with two strong sections on the relation between plant e aphy ad gnetics.

As most geographers have little or no background in genetics, and in view of

the growing significance uf genetical work in phy•ogeogrampy, Cain's contribu-

tion is a very real one. Cain' s Foundation of Plant Geowra.ht dealing mostly

with floristic geobotany shouLd now be watched by a similar book on vegetation.

Such two books, combined with une of the more outstandin ecological texts,

would be an excellent basis on which to erect a series of much needed university

courses*

A most si-aificant development is taking place at the present time with

the application of the carbon-14 method. The decay of radioactive carbon-14,

especially in wood, can be used to establish the age of the wood, and in

Pleistocene and post-Pleistocene times enough wood has been deposited to permit

m~lerois studies in many places. Correlating the results of such investigations

reveals that in North America the length of the period between the last glacia-

tion and the present may have to be revisied considerably. The effect of such

results on our theories of species evolution and migration may be far-reaching

and plant geographers everywhere mast follow this developfaent with serious

attention.

ZO1logc&l Plant GeographY

The ecological viewpoint is fundamentally part of both floristic and

vegetatioml plant geography, but the ecologists have developed their field in

such relative isolation that it is useful to discuss the subject separately.

The science of phytogeography must always consider ecolog one of its

very cornerstones, but ecolog is nevertheless only one in a series of such

stones in a larp structure. Also, Americans did not invent dynamic ecology

as most of them seem to feel. In fact, this concept is as old as the science



Biogeography 6

of plant geography itself, for it was nildenew (1792), the forerunner of

Humboldt, who conceived of the dynamic aspects of vegetation.

These early and basic thou~hts were ignored in this country, but when

American ecologists been to assert themselves with the advent of the 20th

century, they soon made up for lost time. They adopted much of the thinking

of the baropean ecologists, notably of Warming and Schimper, and established

their owv schools of thouAt,.

There can be no doubt that American ecologists have made important con-

tributions to their science. Ihey have published a vast number of books, mono-

graphs and scientific papers, and in Lcolog and the Ecological Moographs

they possess two journals devoted to ecological research. For decades they

promoted ecology, neglecting every other aspect of phytogeograpy, and the

amount of detail that has been accumulated during the past five decades is

truly impressive.

At the end of the 19th century, Merriam (1898) proposed the establish-

meat of "life zones." Accordingly a continent is divided into climatic zones

or belts characterized by certain biota, This •sa a fertile idea which found

wide acceptance. A great refinement of this idea lies in Hopkins' (1938) use

of phonological data to establish the zones but very fey ecologists have ever

availed themselves of the possibilities which Hopkin offered. Ihe vast

majority of ecologists in this cotmtry- Were and still are almost conpletely

,'. ,
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u6da the sp of the founders of American ecology whose theories are ac-

cepted like •Spaes. That mach a development stifles gwth and originality

is &lmost inevitable.

"* blarly American ecology evolved uwder the leaderships of Clements and

Cowles, and me stimulatad by Shrve, the most geogre~hically-inAded of

American ecologist3 (vino pretident of the Association of American Gsovlahara,
1940; Mresident oft' the Assoe.•.tion of -a&ti±.fic (W Gýs &khers,

194142)*. Their innumerable followers faithfully continued in the established

grooves, improving the trechniques but adding little else. Clements' dynamic

approach to eoology proved immensely stimulating, He reintroduced the con-

cept of msccession, developed and refined it, and classified the vegetation on

the basis of suocessuin (Clements,1916). Qpite logically, his ecological

investigations led to the concept of indicators which he greatly developed.

(Clements, 1920). Later on, he became interested. In relicts and studied vege-

tation from this point of view (Clements, 1934). lements introduced early

the concept of climax vegetation, in which a plant comumity has passed through

all phases of its succession and reached a state of equilibrium with the climate

of the region. But he never accepted the possibility of an edaphc climax ard

aparently ws quite Ignorant of environmental conditions in high or low lati-

tudes. His ideas of the climax concept were tested throughout the world. It

Is becoming increasingly evident that the climax Is often too elusive to be

useful and that the succession leading to it may be lcking. RBup' a observa-

tions in the Tar North led to the conclusion that maccession as developed tv

Clments, requires a certain stability of the ensvirozu through the cetur-

Less so that the chanzos can proceed properly. 7e manner in W&ch lakes

gadually fall victim to an ever-increaming veptation, or the veWtatiouMl

changes umder the Influence of the erosioal oyle, all require a cartain
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stability of conditions. Bat 1aup fitis that this stability is often wantgo&

and that Clementsian theories are less useful in higher latitudes. He came to

similar conclusions in the broadleaf evergreen forests of tropical lowlands,

while Shreve (1942) found that the theory of successiong as usailly formulated,

does not apply to the desert. And yet, there can be no question about the

enormous stinmlus hich ecology all over the globe received from Clanents'

vivid imagination.

Cowies in the meantime developed physiographic ecology, observing the

inevitable char:ges of the vegetation as the land forms undergo their erosional

cycles* The basic ideas of dynamic ecology had been imported from Europe where

they bad never been applied. But when W. k. Davis developed his ideas on

erosional cycles, it ms Cowles who recognized the correlation between the

dynamics of landforms and those of vegetation and put wheels under the study

of ecological plant geography. In th dynamic sense that has become so char-

acteristic of American ecology.

The environmental factors became fixed notions in the minds of the

"ecologists and all efforts were bent on gmraping the meaning of each individual

"fTctor. One learned to spoek of the climatic, edapiic or biotic enatronent

and studied climate, soil and biota in isolation. As each of these factors is

a whole complex of factors widch can be investiated sepately, the reseerah

possibilities grow in 'umber to vast dimensions.

The attempts to ekz~ain the dietribution of vegetation on the basis OC a

singl enviraomiital factorg, clute, reached their culmtioa in the pyaes-ý

staking researches of Livingstoa and Sweve .(1921). Me amount of thougt

and energy spent on this mosmental ,otto has never been utched In any sim.lar

or related projeet, and at-the ean.. the autbrs had the rare courag. to
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recognise that such attempts must ned be futile; but so far, the great lessn

which they taunt has been ipored by nearly everybody.

Ecolog was eventually divided into autecolog which deals with the

environmental relations of individual plants, and syneoologY which Otudie, the

environmental relations of plant commi ties. Our autecological kzwledp was

recently smnarizA by Wubemnmire (1947) ihile Oostirg (1948) did a similar

service to synecology. Simultaneously there goes on a large enber of re-

searches which deal with some limited spect of either autecolog or synecolog

and all the results oWn form an ever boliker mass of data. It seems that

plant ecology ", somehow reached its growth limits. It is proving its use-

fulness in applied fields (aronomy,. forestry, range research, entomology, etc.)

but it has distinct theoretical limitations and new ideas are extremely rare.

One analysis follows another but nobody erects a&new edifice with all these

b•ilding blocks. Ultimately, ecology is forced to regenerate itself or be

dissolved in physiology. pedology or climatology. . The bright spexic emanating

from the work of Clements., Cowles, or Sreve ar& not kept aglow t1 their

saccessors ard the present trend forces ome to the conclusion that ecolo&

has now nade its chief contributions and must surrender the fuMoe to the

still youthful and. mdh more romisrg stu4y of plant sociology.

Plant Sociologr The BtU&y of Legtation

In the minds of most hAsrican eograhbers the stuAy of plant gmopaiiy

* las cowe to be more or leess..qomous with the stuy of vegetation. This is

as narrow an sWpacl as that ot the botanist Pbo sees little more in plant

gsograjb tban the geogiaphl =1 distribution of pecieso. But the viewpoint

of the oagnow is &we. a•eptable tban it apesrs at first sIaht. 1or the

study of vesptatlon impUies not only the investiption of most idmii'cant
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aspect of the landscape with whi.h the geoagphor deals, it implies also a

comprehensiveness of aproach that Is not equalled in &aW other branch of

•iyogograpy. vegetation- consists of plant coomitties and these in turn,

consist of individml species and life forms which live together. In cities

the vegetation has been removed altogether but even the largest cities are

no more than tiny dots on the globe, and outside the cities (and sometimes

even within) the vegetation spreads its meaningful cover over the continents

and islands and extends far out into the sea. No feature of the landscape is.

more revealt&g, nothing can help an exploring geographer to appreciate the

character of a region as well as the vegetation. Hence, he speaks about

vegetation when he thinks of plant geography and in his textbooks (if he refers

to plant geography at all) he rarely mentions the floristic aspects as out-

lined above; he limits himself almost exclusively to vegetation.

But as a science, plant geography is young and so is American geography

as a wbhole. No wonder then that in spite of repeated pleas, geographers ia

this country have dome very little ,A4.ed. to promote a branch of knowledge the
importance of which they themelves have stressed so often.

.The significance of vegetation to geographers rests not only on esthet.c

qualities which have been ignored almost oompletely and quite unjustly. so, t

above all on its very far-reaching indicator value. Species have long been

known for their use Ks indicatore, "b: in most cases the. do not compre with

plant comnit'ies. Fo' the area of a species is" determined by differant con-

trols in different regions and while a species my well dominate a commntti

and Justly be called the index species of that comnity, this sam specie.

may and uwally does o;cur elsewhere, too, often far removed from the formation

in which it finds its optiau conditions of growth and morvival. On the other
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hamd a plant o=auity with its pharacteristic floristic sition and

particular sets of life form is not only a sure indicator of the coarser en-

vircomental and historical aspects of the landscapes, but It unerringly points

out the more sbtle and hidden characteristics as well.

As soon as a plant conmity is recognised as a separate and integrated

eatity, it becomes evident that studies of individual species cannot simply be

.transferred to the plant coamunity because one deals here with a unit of an

altogether different character. Unfortunately this has not always been uder-

stood tu American students of vegetation, and it is here that mch progress may

be expected in the coming decades%

Thanks to Innumerable Suropean studies, it is well known, though not

always realized in America, that a thorough phytosociological knowledge has a

great practical value. In forestry, it is leading toward a complete re.eval-

vation of the conventional outlook. In pasture management, in land evaluation

especially for land use, in industrial and numerous other problems, the study

of plant coammuities is proving its worth. Already there is such a specialist

as a "Vegetationist" Whose Main activity it is to advise comnercial and @Dv-

ermental organizations with regmrd to the management of plant comunities.

This is an Iwnsely promising field of investigition which can be profitably

expanded by enterprisi•g and Imginative students of vegetation.

In America the study of vegetation is nearly as old as the study of

ytogPeograp•y itself. One of the first significant piblications Ws

N*he Phytogeograjhy of Nebraska" (Pound and Cleents, 1898) the last part of

Which is larsly a veptational study. Since then there has been a steady

stream of peoers ad, mmoph*s of yeptational studies, mostly with a strong

ecological slant,. scattered throughout the botanical literature.
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In the meantime t6e hitorical apjroad to -the study of vegetation

increased in popularity. M~any geographiers know 'the wolic Of Hugh Baup (1937)

on N•ew &Wand.E. L. Braun (1928, 1916, 1937) wrote a series of Ipam s on

the historical development of some of "' foists from the Appleebian

laountains in the east to Ohio in the west. Others worked simultaneously, and

while many data in these papers are based on fossil remains, a great stimulus

came with the introdaction of pollen azalysis. This is a method largely devel-

oped in Sweden and is used most successfully in areas of Pleistocene glaciatio•

The principle is simple: with the discovery that pollen grains of many species

are preserved in bogs (under exclusion of oxygen), it became largely a matter

of taking cores from bog deposits and observing the pollen accumulations in

the various layers. Presumably the pollen comes fro& plants In the vicinity

of the bog and is blown in by the wind. -he sources of efror are considerable;

but by correlating a very large number of tests Vt becomes possible to obtain

a rather accurate picture of the vegetation at various times, at least with

regrd to the prevailing tree genera. This does not only permit conclusions

as to the last composition of the vegetation but gives direct clues to the

last migration of plants and indirect ones to the climatology of the past.

Hansen has done much work of this sort and his monograph on the vegetation of

the Pacific Northwest (Hanse.n 194) is a fine exle o•:iw " can be dom.

Potzger, Seers, Can, and many others bave carried on simla researchbe

in the eastern part of the United States.

The need for an over-all presentation of the vegetation of large akOas

was recognized'early in Surope and at tha behest of a German pobliabiag ffrme

Barshberger (1911) wrote his massive treatise on the vegetation of North

America. This great piece of work has been criticisedby zany bit it is much



more realistic than some of the reviewers wi4d indicate, especially as one can

get a Wther tue impresuion of the vegetation as it oocurs in the any parts

of this continent and without those speculations about what the vsstatic ought

to be on the basis of some successional schem as one finds them so of ten in

later pesrs. Certainly, no one has been able so far to produce & suprior work

covering the whole continent.

A classic of American plant gorapy was the Vogetational History of

the Middle West by Gleason (1922) in which he foretold tha Ptory that pollen

analysis is laboriously working out. Also, Gleason' s Individualistic associa-

tion hypothesis is an.crigtil approach and.& rebellion against both Clements

and Braun-Blanquet.

Recently Braun (1950) published a comprehensive treatment of the deci-

duous forests, of eastern North America* Although more limited in scope than

Harshberger' s work, Braun covers nevertheless a vast area and incorporates the

ideas of the last four decades. It is books 1Ike this one tv Brau that are

so valuable to the geographer.

There seem to be neither the tine nor the inclination in American

geogrphical circles to obtain a thoroufi botanical background. This is un-

fortunate because students are deprived of their chances to acqufre that

breadth of training which Is so valuable, if not altogether necessary in any

biographical research. Wti Is one of the najor reasons wby so few geogaphers

devote their time to a field w•ich fairly bes to be explored. The lack of

backround places a large number of the more detailed vegetational studies be-

yond the grasp of the average geographar, and a book like that by Braun as well

as thatb Cain Is then doubly volvable. Here we find in bold strekes a pio-

tur- of the vegetation of a very large territory, both in its present setting
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and in its historical developiuent.

On a much smaller scale, many others also have auae Valuable contrtb-

tio•s Which are readily appreciated tW geographers; tb9W are too mmsmw to.

be listed here. 7hus work goes forward on all scales and on different avenes

of approach, and yet a clear direction seows lackin., Only recently Egler

(1940, 1942, 1947, ms.) succeeded in penetrating through the enouan amount

of material that has boen accumlated and began to question the very concepts

with which American students of vegetation had become so accustomed to worke

The philosophic depth of his work has placed Egler among the foremost thinkers

among the American phytosociologists. Simultaneouuly: with his theoretical

work he carries on important experiments; for example, his semi-natural

self-perpetuating plaAt cowmunities have become Valuable to bydro-electric

power companies. If-American ph1tosociology while plodding forward neverthe-

less is somewhat in a rut, it may well be Egler who will blowup the next

bridge and tbus force a reconsideration of the ourse of-advance with a re-

evaluation of criteria, methods and goals.

Vegetation Maps

Te map is the geogralher' a most important tool. It is not surprising,

therefore, that veptation maps assume pecial significance for the geographers

who wish to do phytogeographical research or apply its results. However, what

is natural for geographers is not necessarily obvious to botanistwn as most

lhytogeogratical investia~tions are made b botanists, the vegetation zaps

have often been sadly neglected, and it is comon enough to find regional des-

criptions of vegetation without a vegetation cap. he practice of mapping

vegetation scentiftically in essentially as old as our own century., but
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progress in this country has laced.far behind ropumn achievemats. The

United States has not yet seen fit to establish an agency to map vegetation,

such as the Service do la Carte de V4 tation de la Francs of the frt zh, cc

the Germans' Zentralstelle fir Vegetations4-artier, or the Swiss

"Pflanzengeographische Kommission." There is in this country nothing to

mateh or even to approach the superb maps of France (1:1,000,000 & 1:200,000)

t Henri Gaussen (1945, 1948); of Germany (1:1,000,000) bV Kurt heck (1943);

and of Switzerland by Schmid (1948). In style and detail, in method and com-

prehensiveness, the European maps continum to be greatly superior to our own

performance, and it will take much timebefore we can succesfully emulate the

Old World masterpieces.

However, America is by no means without its distinctive achievements.

At the beginning of the second decade of this century, enough material bad

accurulated to permit Harshberger (1911) to prepare a vegetation map of North

America (1:40,000,000). It cannot be overlocked here that Europeans had pre-

ceded Harshberger by several years, and especially Schimper' s map (1898) of the

world had become widely known.

But progress was slow. Shreve (1917) presented his new vegetatian map

of the United States to the readers of the Geographical Review. Although of

small scale -and hihly generalized, this map revealed an unusuam.y .clear

insight into the nature and the problems of American vegetationo..

Curiously enougb, there followed a period of several years CbwingTihich

not a single significant vegetation map was published. Then two maps. appeared,

both of large areas- and on a similar scale, and these two tape continue to be

among the most noteu•rthy American achievement so far. These are the maps of

Africa (1:10,000,000) and $Mats (1923) and of the United States (1:0,0000000)
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1tV Shantz and Zon (l9a4). &Is pedformanca of accuraY and clarity vae .11 the

More rIMrlrabl because until then source nu~erial was relatively *6tety ux4

the number Of 2arge-scale base maps wai either very small or, in many instonces,

It was nil. -Although, these two.maps a.e now nearly three decadies old, Aiae4-

can geographers are, generally spetkidng more familiar with them than with aW

Other vegetation maps that have been published since, repzdlees of region,.

scale, or quality.

-It seems that this double.-barrelled explosion after a hiatus of six

Years shocked interested larties into action, for ever since the poblication of

the maps Of Africa and the United States there has been forthcoming a stream

of vegetation maps. T1his welcome developmnert certainly deserves the support of

everyone interested in any aspect Of biographyo. But this developsn must also

move along sound scientific lines if the mops are to be of lasting value. In

this respect,. many Of the vegetation mape published during th~e ;ast quarter. of

a century d=o symptoms which cause concern. A. closer inspection of the various

maps reveals that a variety -of unwelcome aspects have been permit ted to creep

in which, if contirnued., will be a hindrance rather thap* a help in deve2qpicg

vegetation Maps of superior quality,

bAaps are -never peaffect. Their qualitative rating way be low, for ladc

of details, poor methods of presenting relevant data, or for other reasons. on

the other hand, scientif ical]ly sound maps show the veget&t40n .of the Areai

logical- and Onaisteuat manner, using an unequivocal term&inologyl Mp permitting

analysis and cOMurimon. Such maps indicate the vegetation1 IL fashion that

allows the reader to viPMlise -it, at least wthin limits, Indicating also that

the author of the map has clearly undarstood. the probl~em ihich he had to face.

010e qualities of a scientifically sound map sem ra~ther a patter
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of course and it is perhaps the misfortune of good work that little to said

about it because there is little to criticize. But aithough the qualities of

& good .map seem obvious, it happens here as so often elsewhere that the obvious

is obvi6us only after it has been pointed out.

The number' of maps whose quality leaves omnething to be desired is con-

siderable. The criticimn which must be leveled against these maps could have

been avoided in many iistances and it is usually a lack of insight and thouht

"on the part of the map compiler that is responsible for the resulting weakness.

Many American vegetaticn maps give one the impression that their respective

authors underestimated the problems involved, if theiy were aware of them at a•l

In addition to the various vegetation maps which have been published as

a result of scientific Investigations and for scientific use, there appeared

especially during the last two decades a considerable number of maps which may

be termed secondary vegetation maps. Their purpose sets them apart from the

others, and this purpose is not a scientific one in the usual acadeic sense.

1hey are drawn to illustrate specific economically important features.

A fine example is the Forest Type Map of Oregon (U.S.F.S, 1936) which

has obviously been prepared with great care. It would be quite inappropriate

to measure this map with standards that apply, for instance, to the Patuxent

map (1945)e For the Patuxent map portrays a scientific research area and

must hence be expected to meet scientific standards. But the Oregon map

shows forest types in terms which are significant to those who wish to exploit

the forests. As a result great emph-sis is placed on the forest types which

ontain -erbantable tiaber, especially if their species produce valuable wood,

such as the PJas fir or the western yellow plne. The importan of such

trees is indic~ted by several hol~g~t, size and age classes. Lose va~luable
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trees are mentioned in a much more cursory manner, and where no trees occur,

everything Is shown under the headi' of "non,-forpst Uand," regardless of

whether the vegetation of sch areas is grass, sagebrush, or is absent, as in

urban areas. This one-sided approach may perhaps shock the scientific investi-

gator but the purpose of the map has nevertheless been fulfilled.

Wieslander (1937, 1949) is the only one in the Forest Service whose

work resulted in the developnent of a genunely systematized approach to the

problems of napping vegetation and mbose maps are, comparable to EuWropean maps.

Although limited to use in California, his work can easily be expanded to

apply to other parts of the country. Meanwhile KIchler (1949, 1950) developed

the technique of zapping the physiognomy of vegetation for world-wide use.

Floristic methods have been highly refined in Burope. There is, therefore,

ample xaterial available which can serve as a basis for future vegetation maps

in this country.

American vebetation mapping was late in its start and its history reveals

all too often that work of doubtful quality found its way into print. However,

the interest in vegtation maps has at last been arouRsed and is certainly in-

creasing. This, therefore, would seem to be the time to promote ideas which

will remedy past errors and utilize accumulated experience. For instance, it

May be suggested that an organization of properly qualified persons be estab-

lished to develop and execute plans for a complete scientific mpping of vege-

tation of the Vaited States on the scale of 1:1,000,000.

conclusion

For georaphers, vegetation will long remain the moot ab•o•bing aspect

of biogeogmpy, with vegetation maps as the most valuable tool. Recent years

have witnessed en extension of Ameria• p.mt geoga#a, made possible
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by a rowing interest in the subject and a greater output of research Papers.

The real benefit of these works, however, is not apt to become apearent until

mome future date.

In the early last, the trend was to accumulate ecological Caterial.

Much later, other branches of plant geogralhy, each one separately, walked in

that same path of gathering data. This increase in the number of avemies of

approach widened the outlook considerably. Now voices are heard demanding the

coordination of the various rcadi into an all-weather highway of comprehensive-

ness with fewer chances of getting stbck in mud or quicksand because the sta-

bility is based on greater catholicity as the chief characteristic of research

The latest trend, as yet only just envolving, differs therefore essentially

from the earlier one in that the outlook and the resulting structure of the

work change from amassing to coordinating data. The theory of evolution arose

from the proper arrangement of innumerable data, independently "discovered"

by many biologists. Already, Cain (1944) has fused a variety of ;hytogeograrhic

ideas and has thus made a major contribution to modern plant geography.

Whether plant geography will ever have a Darwin remains to be seen, but the

possibility for a larallel development is undeniable.

Now that phytogeography is more readily approached from several sides

at once, one looks forward to the evolution of new ideas, new theories, and

new concepts. -,'ether the formulation of such a new trend will ultimately

come from pioneers like Cain, Camp, Zgler and Raup, or their students, or per-

hape from some now living but unrecognized authority is a matter for specula-

tion. At least, the way to soe essentially new "Origin of Vegetation" is open

to those who are able to amalg te the various aspects of biogeography with a

vivid imoiaticn as they proceed on their road to discovery.
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